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EXECUTIVE SUMMARY

The purpose of this study was to determine if neural networks
could perform a non-linear filtering operation to remove noise
from two-dimensional (2-D) data and produce a noise-free image
using NETS, an interpretive neural network simulator.

The majority of this study concentrates on the development and
performance of neural network filters. The study begins with
developing architectures in a straight vector format using a
training set of one sample. The report progresses to
architectures arranged in a matrix format using a training set of
ten distinct samples. (A vector format describes the mapping of
all the nodes of one layer to another, while a matrix format
allows a connection scheme to map nodes from one layer to one or
more nodes of another.) This report also describes the steps in
the development process including the construction of a training
set, the creation, initialization, and training of a neural net,
the testing of how accurate the neural network filtered noisy 2-D
images, and the preparations involved to retrain a neural
network. A description of the development and use of objective
and subjeLtive criteria in determining how accurate the net
filtered noise to produce a noise-free image is also included.

S The study concludes with a summary of the experiment, including
determining the best neural network architectures used in
filtering noise, the type of scaling which gives the best
performance, what image size provides the best results, and what
effect recursion has on neural networks (or how many times should
an image be filtered through a net to produce a noise-free
image.) It was determined that it is feasible to utilize neural
networks to filter noisy 2-D data to provide a recognizable image
of the original noise-free data. A matrix architecture
consisting of input and output layers of equal size, and one
middle layer, should be used. The size of the images used to
test and train the network should consist of 300, 400, 500, and
600 nodes, where each node represents a pixel of the image. If a
specific image was used to train the network to recognize
patterns, the neural net will filter noise to produce an image
correct in orientation, location, and shape to the corresponding
noise-free image. Otherwise, if the neural network had trouble
filtering enough noise to produce a clean image, and if the image
was not part of the training set, recursion may help generate an
image correct in orientation, location, and shape.
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. 1. INTRODUCTION

The purpose of this study was to determiae if neural netvorks could perform a noi-lineir
filtering operation to remove noise from tvo-dimeIsional (2-0) input data, resulting in a 2-0
noise-free image. This report discusses the steps involved in the coistructiig, training Aid
utilizing of a neural uetwork, aid presents the findings.

2. METHODOLOGY

2.1. Definition aid Uses of Neural Networks.

A neural network is a web of interconnected processing elements, called nodes, patterned in a
highly interconnected parallel structure. The network may be set up as a computer program to
model the interaction of these nodes similar to those in the brain. A neural network by itself
does not have the ability to improve perforIance. Rather, it is a program, such as NETS (see
section 2.2), external to the network that improves performaIce by using the architecture of the
neural network is a model. Improved performance is achieved through a process of teaching or
training the network. This process evaluates the connections between the nodes - called weights
- to minimize the prediction error.

As a branck of artificial intelligence, neural networks are used in a variety of commercial and
military applications, including data sigmentation, data compression, signal filtering, and
pattern detection. Appendix A contains several definitions wkich may be useful to those not
familiar with neural nets.

S 2.2. Software Used.

This study used a software package called NETS, a hneril netvork simulator developed by Paul T.
laffes in the Artificial Intelligence Section (nov called the Software Technology Branch) of
NASA's Johnson Spice Center. The primary function of the simulator includes a flexible system
that utilizes the generalized delta feed-back propagation learning method without the need for
specialized hardware. BETS is an interpreter, witk its 'read-evaluate-print' method of execition
similar to other computer leguiages suck as BASIC and LISP. The simulator presents a menu of 16
options to the user and prompts the user for a command. After issuing the comeand BETS will
attempt to evaluate the commend, whick may produce more prompts requesting specific information
or an error messages if the command is not understood. The data presoaked in this report was
generated ising a Compaq 386 personal computer with a math coprocessor. Training times are
expressed in seconds. The image data files us d in this study consist of scaled integers, which
appears to limit the size of the pattern array due to the limited numerical precision of integer
arithmetic.

2.3. Setting up the architecture

The precision of the arithmetic using scaled integers
has been demonstrated to be insufficient for
convergence of the back-propagation algorithm in other
applications. However, the size of the training sets
and the limited amount of computer memory in the Compaq
386 meant that only scaled integers could be used in
this study.



2.3.1. Getting started.
. 8 . . . . . . . . ..

S..'.'.'.'.'. .'.' The first stage of the study involved finding an optimal
"'.'•o architecture for performing experiments, using 2S-by-20

' '.8 .'.8.'. . node subsections of noisy and noise-free image data, with
. . .. each subsection derived from 69-by-39 node image data

.'.'.$$ '... with aid vitkout noise. The images were obtained from a
". .... . project that attempted to identify defects in cast

• - . .. . . .3. ....... . explosives, and were generated by a model developed by
Mir. George Schlenker, vkich simulated X-ray images of

'4'0'3'1.0 8.'3 $ . .'. .' ' ' . cast explosives. An example is shown in Diagram 1. The
.. ' .*....$ .. . noisy image data is used as input to the neural net and

* • MM•8' ' ' ' the clean image data represents the desired output.
. . . ........... .*. .. . Therefore, each sample that comprises the training set

S's•IBM . '$ . ." " " used to train the Network will consist of a noisy and a
. .' . . . . . . . .3ý *-&.0 i"I clean image of the same pattern. Each image is 500 nodes

'' #1in size (25 nodes by 20 nodes). The architecture of the
.'..'. .'.'. . '3.. .neural net consists of layers - in inner layer, an outer

• . -.. layer, and one or more middle layers. The inner and
..... u•4 "ter layers are made up of 500 nodes while the middle

.......... ...... layers may vary in size. When lETS begins training the
netvork, it will attempt to converge to an user-defined

"... sax absolute constraint error value. This value
Oiagram 1: Sample of a typically is as low is 0.1 or as high is 0.2, depending
ois-rm i e upon the size of the training set. The objective is to

noise-free image. have the neural net filter enough noise from as sany

different types of images as possible. A higher error
constraint vould improve generalization but sacrifice

accuracy; conversely, a lover error constraint would improve accuracy at the expense of
generalization. The desirable error constraint was preset to 0.1. Furthermore, a good indication
if a neural net is learning to filter noise from samples in the training set (and therefore
converging) is when the root mean squired (RMSI error dropped below 0.1. Finally, several input
specifications are required to configure the net before training commences. These include
maximum and minimum weight values, learning rites, momentum, and bias. lETS uses global defaults
on all of these specifications, but the user has the option of changing these defaults, both
globally and for specific layers.

The 'irst architecture considered consisted of a straight vector format - that is, each of the
nodes of one layer is connected to each of the nodes of the next layer of the network. This
means that all of the nodes from the input layer are connected to each of the nodes of the middle
layer, and in turn all of the Nodes of the middle.layer are connected to each of the nodes of the
output layer. The initial size of the middle layer was compiteý as 2 ples the square root of x,
wkere x equals the number of input layer plus the number of output layer nodes. Since the size
of both layers is 500 nodes, the value of x in the above equation is 500. Therefore, it was
determined that 35 Nodes shooud be used-to compose the middle layer. The architecture of the
vector Network is is follows:

Layer 0 Layer I Layer 2
(Inner Layer- .... --- iddle Layer) ---- r(Otter Layer)

500 lodes 35 lodes 500 lodes

The plan was to train the netvork to filter noise from image data starting from a training set'of

2



P oae saimple. As specific netvorks vere successfully trained, additional samples (up to a maximum
of ten) voold be added. Using a traising set of one simple, the vector netvork did not 'learn'
enough to filter noise to produce an acceptable image, despite changing training factors such as
momentum and weights; increasing the number of training cycles and changing the number of middle
layers did not facilitate the training of the netvork.

2.3.2. Starting with a matrix format.

At this point it was realized that a different architecture was needed to train the netvork.
eased on past experience with other models it vas decided to utilize a matrix format. The
difference betveen a matrix format and a vector format is that a matrix format allows for
patterned connection schemes betveen layers, as opposed to using the fully connected scheme. In
other vords, a group of nodes that lie close together in one layer may be mapped to a single node
in another layer. In this way, the neural network pieces together bits of visual information by
trying to build larger shapes out of smaller regions of a particular image. The matrix format
for the nev net architecture vas set up as follows:

Layer 0 Layer 1 Layer 2
(Inner Layer) --- >(fliddle Layer) ----. (Outer Layer)

500 lodes 8 lodes 500 lodes
Image Size: (25 x 20) (4 x 2) (25 x 20)
Clock pIttern: (10 x 10)
Overlap': (5,0)

Using a training set of one saimple, the |ETS package trained the netvork to converge to a max
absolute error constraint of under 0.1 in less than five seconds, successfully filtering enough
noise to produce a recognizably clean image. Additional changes vere made by changing global
weights, changing global momentum, and incorporating bias, vith the result that the net did learn
at a faster rate, but these changes made no significant difference in the quality of learning.
Several training sessions vere completed using a variety of middle layer sizes and pattern sizes.
The following table provides an initial summary of results (using a training set of one saimple):

2 For a better explanation of matrix format in neural

nets please go to Appendix A, Section 2 or, if available, the

NETS User's Guide, Version 2.0, pgs. 15-24.
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Table 1: One Training Set, Various Patter$ and
Middle Layers

Size of Size of flax limber Learning
Blockiog Middle Size of Abs OiS of Rate
Patteris Layer Overlap Error Error Cycles (secs)

9 x 10 (90) 3 x 2 (6) (1,0) 0.097 0.070 11 4.0

1 7 1 (70) 4 x 2 (8) (1,0) 0.081 0.044 9 4.0

5 x 10 (50) 5 x 2 (10) (0,0) 0.067 0.024 7 3.0

9 x 5 (45) 3 x 4 (12) (1,0) 0.075 0.036 6 4.0

7 x 5 (35) 4 x (151 11,0) 0.072 0.018 5 3.0

, x 5 (25) 5 x 4 (20) (0,0) 0.068 0.026 4 3.0

It appears that increasing the number of nodes ii the middle layers while decreasing the pattern
size may decrease the max absolute error and RMS error (and therefore train the network).
However, this can be accomplished by lowering the maximum weight value during the creation of the
net. This observation led to another question: what size of overlap pattern and middle layer
provides the best type of architecture for the neural uet? The uext step was to determine the
effects of modifying pattern and overlap sizes, while increasing the middle layer size, in the
development of a more accurate neural network. A training set of three samples was used here.
The results are categorized in the following table:

Table 2: Various Patterns, Overlaps, aid Middle Layers Used
for a Training Set of Three Samples

I 1 T I
Size of flax limber Learning
Pattern Overlap Middle Abs RtS of Time

Blocks Layer Layer Error Error Cycles (sec)

9 x 10 (1,0) 3 x 2 0.091 0.058 10 5.0

15,0) 5 x 2 0.088 0.055 9 5.0

(1,5) 3 x 3 0.075 0.021 9 5.0

(5,5) 5 x 3 0.094 0.024 9 7.0

5 x 8 j ,4) 3 x 4 0.094 0.024 10 6.0

(5,4) 5 x 4 0.085 0.027 6 6.0

7 x 10 (1,0) 4 x 2 0.073 0.044 9 4.0

(1,S) 4 x 3 0.088 0.018 8 5.0

(4,0) 1 x 0 0.080 0.018 8 6.0

(4,5) 7 x 3 0.079 0.018 6 5.0

Table 2 coutinues on uext page:
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_____ Table 2 (cootinued)

i Size of I flax luimber Learning
Pattern Overlap fiddle Abs I S of Tiime
.. locks Layer Layer Error Error Cycles (sec)

7 x 8 (1,4) 4 x 4 0.081 0.031 7 5.0

(4,4) 7 x 4 0.083 0.017 5 6.0

5 x 10 (0,0) 5 x 2 0.088 0.020 8 4.0

(1,0) 6 x 2 0.098 0.034 6 4.0

(0,5) 5 x 3 0.085 0.029 7 5.0

(1,5) 6 x 3 0.086 0.040 5 5.0

9 x 5 (1,0) 3 x 4 0.067 0.018 5 4.0

(5,2) 5 x 6 0.083 0.040 4 5.0

5 x 8 (0,4) 5 x 4 0.077 0.025 5 4.0

7 x 5 (1,0) 4 x 4 0.082 0.023 5 4.0

(1,2) 4 x 6 0.082 0.025 4 4.0

L5 x 5 (0,0 5 x 4 0.010 0.022 4 4.0

The results vere inconclusive. iy reducing the pattern size the neural net appeared to have been
trained with great accuracy, but only if maximum weight values are kept down to about 0.15 to
0.20. The best results indicated that if a pattern betveen 50 and 90 nodes in size is mapped to
a middle layer of less than 20 nodes, the net will be trained quickly vithout any problems. If
the size of the middle layer is greater than or equal to 20 nodes, the maximum global weight
selected during the creation of the net must be decreased or else the net vill fail to learn.
Employing bias on such a small middle layer size does not make a difference.

2.3.3. Adding middle layers.

The text step was to investigate the incorporation of idditional middle layers to determine if
the net will convesge faster while increasing the number of samples in the training set. A
variety of neural oetwork architectures for up to 3 input data sets vas tested. It was found
that i middle layer of 35 node~s supplemented vith another middle layer of 16, 20, or 25 nodes
will converge under 100 cycles, either vith or vithout bias. The conclusion is that a variety of
oetwork architectures exist than can be used to train a net to handle a traiiong set of 3
examples, but only if the maximum error constraint was set to 0.2. Appendix 1.1 lists all of the
architectures tested. Those netvork architectures that produced a trained netvork ire listed
below:

5



Table 3: List of letwork Architectures
isiag a Traiming Set of 3 Samples

flax Learnimg
Abs INS Time

Pittere Overlap Size Error Error CyclesI sees)

vith bias, I middle layer:

5 x 8 (0,6) 5 x 1 0.1971 0.050 24 105.0

7 x 4 (4,0) 7 x- 5 0.182 0.059 j 23T98.0

vithovt bias, I middle layer:

7ImI4i (,ou1 1 7xS5 1 0.182 I 0.059 23 -T 142.0-
vith bias, 2 middle layers:

1:5 x 8 (0,6) S x 7
2:1 x 4 (0,3) 5 x 4 0.181 0.059 46 164.0

1: 5 x 8 (0,6) 5 x 7
2:2 x 3 (1,2) 4 x 5 0.187 0.060 90 273.0

1:9 x 8 (5,6) 5 x 7
2:1 x 4 10,3) 5 x 4 0.190 0.088 86 275.0

1:9 x 8 (5,6) 5 x 7
2: 1 x 3 (0,2) 5 x 5 0.193 0.067 89 334.0

1:9 x 8 (5,6) 5 x I
2:2 x 4 (1,3) 4 x 4 0.198 0.073 98 277.0

1:9 x 8 (5,6) 5 x I Not
2:2 x 3 11,2) 4 x 5 0.199 0.087 76 recorded

1:7 x 4 (4,0) 7 x S
2:3 x 2 (2,1) 5 x 4 0.198 0.066 95 282.0

1:7 x 4 14,0) 7 x S

2: 3 x 1 (2,0) 5 x 5 0.198 0.055 52 189.0

Vithout bias, 2 middle layers:

1: Sx (0,6) 5 x 7
2:1 x 4 (0,3) 5 x 4 0.195 0.052 44 155.0

1:5 x 8 (0,6) 5 x 7
2:1 x 3 (0,21 5 x 5 0.197 0.058 49 149.0

1:5 x 8 (0,6) 5 x 7
2:2 x 4 (1,3) 4 x 4 i. 97 0 0.051 45 118.0

Table 3 contiues osm ntxt page:
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Table 3 (continumed)

Without bias, 2 middle layers (continued):

flax I Learning
A hbs R NS Time

Pattern Overlap Size Error Error Cycles (secs)

1: 5 x 0 (0,5) 5 x 7
2:2 x 3 (1,2) 4 x 5 0.199 0.044 81 222.0

1: 9 x 8 (5,6) 5 x 7
2: 1 x 4 (0,3) 5 x 4 0.199 0.066 65 203.0

1: 9 x 8 (5,6) 5 x 7
2:2 x 4 (1,3) 4 x 4 0.192 0.050 64 181.0

1: 9 x 8 (5,6) 5 x 7
2:2 x 3 (1,2) 4 x 5 0.196 0.065 65 208.0

I.: I x 4 (4,0) 1 7 x 5
2:3 x 2 (2,1) 5 x 4 0.188 0.077 43 133.0

1:7 x 4 (4,0) 7 x 5
2:3 x 1 (2,0) 5 x 5 0.199 0.063 30 110.0

1:1 1 4 (4,0) 7 x 5
2:4 x 2 (3,1) 4 x 4 0.195 0.060 34 89.0

We found that there are a variety of architectures that can be developed using one or two middle
layers. The best results involved two middle layers: one 35 nodes, the other 16, 20, or 25
nodes in size. All of these architecture converged under 100 cycles, with or vithout bias.

2.3.4. Experiments vith various size trainimg sets

2.3.4.1. Comparisons of training sets of three and five samples

After identifying an optimal architecture that used a training set of three samples, idditional
work was needed to determine if this architecture could be used to train a network witk a
training set of five samples. Using tie architecture of one middle layer and incorporating a
bias, forty image data were filtered and the results displayed for visual inspection through a
grey-tcale program. It wis apparent that the neural network architectures that successfully
converged using a training set of three samples do tot vork veil for a training set of five
samples. At this point more work vas needed to identify a neural aetvork architecture that is
able to properly filter noise. The architecture that used a training set of three samples
produced the fol-loving results for I training set of five samples:

0



Table 4: Result of using a Set of 5 Samples
on in Optimal Architecture for 3 Training Samples

limber
of Preset fiax limber

Training Error Abs INfS of Time
Sets Coistraiit Error Error Cycles (sec)

5 0.2 0.481 0.140 100 1 1e

These numbers confirmed that the Bit did lot converge aid this could tot identify noisy data. If
an image data file was propagated through this net and its image compared uith its corresponding
clean image, it vouild become obvious that those images do not look alike in shape aid form. The
same architecture that successfully converged using a training set of three samples could not
converge using a triniiag set of five samples. Therefore, in order for the netvork to develop the
ability to detect patterns, the architecture of the network most be modified aid trained with
more examples.

2.3.4.2. Using five- and ten-sample training sets.

At this point a nev architecture had to be developed to handle five training sets. Furthermore,
vith more training samples to learn, it vas apparent that a small middle layer vould lot provide
the desired results. What needed to be done was to increase the number of nodes in the middle
layer &ad perhaps increase the number of middle layers in the architecture to toe or three. It
these measure did not work, the size of the training files was reduced from 500 to 400 nodes for
computational economy. Several architectures vere developed aid trained using a training set of
five examples. These architectures are listed it Appendix 1.2. The folloving architectures;
incorporating one middle layer and a bias, provided the best results, converging under a preset
constraint error of 0.2:

Table 5: Architectures that provided the best results
Using a Training Set of 5 Samples (and bias)

Size of flix limber Learning
Pattern Overlap Middle Abs RMS of Time
Layer Layer Layer Error Error Cycles (sec)

9 x 4 (5,2) 5 x 9 6.194 0.061 27 238.0

5 2 (0,0) 5 x 10 0.188 0.043 76 695.0

__ 2 (5,01 5 x 10 0.175 0.662 30 296.0

7x 4 (5.0 e 1x 5 0.196 0.048 43 407.0

One architecture that did not use a bias was found to be able to train a netvork to a maximum
error of 0.1 in ulder 150 cycles. Its characteristics are is fellows:
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Table 6: Architectures that provided the best results
Using a Training Set of 5 Samples (no bias)

Size of] m 1 ax 1 lumber Learning1
PatternI Overlap Riddle IAbs I RfAS I of I Time
Layer Layer Layer Error Error _ycles __(Seel_ m

5 x 4 (0,21 5 x 9 0.100 0.039 132 1043.0

lone of the neural netvork architectures employing two or more middle layers converged to an
error less thin 0.2. It is apparent that the best neural network architecture to filter noisy
data consists of only one middle layer. From a collection of architectures employing one middle
layer, the one that produced the lovest maximum error should be used to test a training set
consisting of up to ten samples. The results of incorporating in additional set to the
architecture described above are shove as follows:

Table 7: Results of Incorporating Additional Samples
into the Training Set

lumber
of lumber Selected flax Learning

Samples of Constraint Abs RAES Time
in Set Cycles Error Error Error (sic)

OIQ bias:

5 26 0.2 0.196 0.057 224.0

+100 0.1 0.171 0.045 ...

6 21 0.2 0.194 0.050 192.0

.100 0.1 0.149 0.040 ...

7 100 0.2 0.352 0.045 ---

+100 0.1 0.147 0.040 ...

8 100 0.2 0.223 0.038 ---

+32 0.2 0.197 0.056 363.0

,100 0.1 0.149 0.043 -'-
10 , 300 0.2 0.81 0.25. I,"9

bias:

5 38 0.2 0.171 0.048 324.0

.166 0.1 0.159 0.037 ...

Table 7 continues on next page:
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Table 7 (cootinued):

bias (continued):

lumber
of lumber Selected Rax Leariimg

Samples of Constraint Abs IRS Time
in Set Cycles Error Error Error (sec)

6 76 0.2 0.193 0.044 ila

+100 0.1 0.111 0.041 ...

7 38 0.2 0.198 0.058 1/a

.100 0.1 0.154 0.036 ...

8 100 0.2 0.665 0.171 ...

+23 0.2 0.199 0.048 290.0

#100 0.1 0.891 0.258 -'"

It appears that 500-node image data files are too large to determine the right type of
architecture for the neural net to filter noise so 400-node image data files were used to train
the net. The most optimal architecture that produced a trainable net is displayed beloy:

Layer 0 Layer I Layer 2
(Inner Layer .---- )(Middle Layer .----( >Oiter Layer)

400 lodes 45 lodes 400 lodes
Size: (20 x 20) (5 x 9) (25 x 16J
Pattern: (4 x 4)
Overlap: (0,2)

3. Establishing criteria

To determine if a neural netvork adequately filtered noise to preduce a recognizable image, there
must be a say to visually and statistically determine such a measure of success. Twe suck
criteria, subjective aid objective, were established and are described bilms. A summary of tie
results is listed in Appendix 1.

3.1. Subjective criteria

A grey-scale program producing 12 shades of groy is available to produce a picture of image data
files propagated through a trained neural network. The program transforms each node into a
shade of grey is the image, using a direct interpolated relationship, wkich depend upon the range
of values represented by the image data file. If a Value fits Within a certain range
representing a shade of grey, the program prints that shade of grey to represent the node. The
pictures generated represent a visual composite of the matrix. The grey scale program can also
be used to create image data files from a series of prompts generated by the program. These
files may be used as training or test sets.

The outputs generated by this program may be described using the size (36o, 460, 500, or 601
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.W Iodes), orientation (slaoted left, straight, slanted right, or iidetermiuablel, locatiom of the
center (top, center, or bottom), aid shape (oval, half oval, roughly oval, roughly half oval, x-
shaped, or amoebic). Ouring the development of the network architecture, pictures of the
filtered image data files were generated by the grey-scale program aid visually compared with
their correspoidiag clean images.

3.2. Objective criteria3

The fraction of squared residuals (FSR) is a revised, scale-invariant method for determiniug how
successful the neural net filtered noise from propagated input data. A 'C program was written
aid compiled to generate a value, gives two input files, either the noisy ald clean samples or
the filtered (propagated) aid clean samples. (The values generated by this program ire compared
with each other to determine if the filtered image data file is in improvement over the original
Noisy image data file.) If the FSR value generated by the program is equal to zero, then the
filtered sample is an exact match of the clean sample. The cutoff value was selected to be 0.25.
At higher FSR values, based on visual comparison of the subjective criteria, the soape of the
filtered image does not resemble the clean sample of the same set.

4. Experiments with 300-, 400-, 500-, aid 600-node saiples.

After selecting the best performing network architectures, experiments were performed to
determine how successfully this neural net filtered Noise. A total of 19 samples (10 training, 9
non-training) were filtered through each triined network. These samples were composed of
combinations of various orientations, locations of the center, and shapes of images of truncated. ellipsoids composed of varying numbers of nodes. All of the samples used in these experiments,
with three exceptions, are oval-shaped; the three exceptions are half-oval (truocated ellipses)
in shape and are referred to in this report is partial patterns. These combinations, showe in
Appendix C, paragraph C.I. Paragraph C.2, lists the actual outcomes for eack network. The
resilts of those experiments are discussed below.

4.1. Oescribing images

It determiiiig how successful the neural net filtered noise from data, it is importint to
visually inspect the results. This was done using the grey scale program, which generated a
visual representation of input (Noisy], filtered, and clean images for all of the sample sets.
The grey-scale images of complete ellipsoids appear as holes in the plaine. These figures are
displayed in Appendix C, sections C.4.I to C.4.4. An example of oee set of these imiges is shown
here for convenience (see Diagrams 21-2d on next page):

Because human vision displays a logarithmic brightness
sensitivity, it is tempting to construct a measure-of
image fidelity as an average over all corresponding
nodes, of decibel (dB) differences between noisy and
noise-free data sets. A quantitative measure of
quality of restoration was developed by my colleague
George Schlenker on this basis. However, a basic
assumption of this approach - identical scales for both
images - was not satisfied due to (uncontrolled) non-
linearity of network filtering. Consequently, a second
measure was developed to include nonlinearity - the
fraction of squared residuals (FSR).

11
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The images are described usiog three parameters: orientation (0), location of center (L)I and
shape of the image (I). The followiog table displays an example of oie of the sets of images

Set 0 L S FSR
(Set I - noisy images) i4 £L 0 .9155
(after original propagation) b L C 0 .1547
(with ofe recursion) c L C 0 .1259
(oith additional recursion) d ....

In the example above, the first lime (a) describes the appearance of the clean image for set I
and the FSR value result of comparing the Noisy image for set I vith the clean image for the sale
set. The second line (b) describes the shape of the image after propagating the Noisy image

through a trained neural net aind the FSR value of the propagated vs. cleai image. The third line
(c) describes the shape of the image after one recursioi aid the FSR valle of the image vs. the
clean image. If recursion Ras performed again, the description of the image aid its
corresponding FSR value would be described in the list line. All of the images were generated
using a gray-scale program. To determine if the let successfully filtered enough noise, the
propagated isage must match the clean image in orieotation, location of center, and shape. If
the FSR value generated is less than 0.25, the visual representation of the filtered image will
be similar to that of the clean image. A table of results for all sets are found in Appendix C.

4.2. Absolute versus Relative Scaling

When generating image data for use ii the IETS program, the nodes that comprise the image lmst be. scaled to values between 0 aid 1. Sciling requires a laximum and miniimu valle of image data.

The choice of range R can be made in either of two ways. These are referred to here is 'relative
scaling' and 'absolute scaling'. hoth absolute aid relative scaling were used in the
construction of the image data used in the network. In general, the range (R) is defined as the
difference

max(intensity Vaile) - Bin(intensity value)

Absolete scaling imposes the same scale on all images ising the maximuI and miimum vallUes of the

set of images before performing scaling operations upon each ilage. Relative scaling, on the
other hand, permits a unique scale for each image based on the maximuI aid minimum value of the
image before performing scaling operations. Image data based on absolute scales were used oily
during testing of architectures using 400-node images; the rest of the image data are based on
relative scaling.

4.3. Testing with various size samples

4 A complete explanation of all symbols used to describe

the appearance of the images is found in Appendix C.
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0
4.3.1. Testing with 300-mode relative samples.

The architecture used to generate this network is as follows:

Layer 0 Layer I Layer 2
(leaer Layerl ---- )(Middle Layer) .... )(Doter Layer)

300 lodes 45 lodes 300 lodes
Image Size: (25 x 161 (5 x 91 (25 x 161
0lock Patter.: (5 x 1)
Overlap: (0,61

Of the itme non-traiing, relative-scale samples, the let filtered Noise from five samples.
Recursion of the remaining samples improved the resolution of their images. It also appeared
that the ietvork cia be trained to detect the shape lid orientation of A particular simple. hloe
of the partial image data propagated through the met eore filtered successfully. The impact of
the partial image data is that the met can filter more noise from image data if the set detects a
recognizable pattern in the Noisy image data durimg propagatiom. The FSR values generated for
these images ramge from 0.0109 to 1.685, witk the successful values met exceeding 0.2215. The
highest FSR values were gemerated for those samples whose clean image represented only part of a
recogmizable pattern. For those samples that constitite the trailing set the met filtered noise
to produce a putterm correct im shape, locatiom of center, aid orieItatioi of the image.
However, recursion slightly uorsened the quality of those images. The FSR values generated for
the traiinig images range from 0.0111 to 0.1204.

6ray-scale images generated for 300-mode images are located in Appendix C, section C.4.1.

4.3.2. Testing with the 400-mode absolete and relatively scaled samples

The architecture used to generate this network is as follows:

Layer 0 Layer I Layer 2
(Inear Layer) ---- )(Middle Layer) ---- )(Outer Layer)

400 lodes 45 lodes 400 lodes
Image Size: (20 x 21) 15 x 9) 125 1 16)
$lock Pattern: (4 x 4)
Overlap: (0,21

With all samples (those that constitute the training set and the reImiider that did inta the
meural network weight calculations did converge for both relative and absolute scales. However,
for all of the image data based on the absolute stile, (both training and non-training sets)
propagation oily resulted in producing more noise, producing a pattern-as if one was spreading a
glob of jaim en bread. Recursion did not improve the pattern, lad the image produced was verse
thim the original.

The FSI values generated for all of these images reflected the subjective results; the vailes
range from 6.2586 to 1.3432, with the majority of the measursemets over 1.22.

With the images usiig relative scale, the etural network filtered noise to produce a clean
pattern from all ef the traiinig samples and two of the nine nto-training samples. Recursiol
improved the appearance of four patteris (two eack from the training aid non-training set) but in

general worsened the appearance of the filtered image. The FS! values generated from the

14



O w propagated set ranged from 0.1531 to 1.028 aid range from 0.1640 to 1.381 for those generated

through recursion, with the highest FSR values belonging to the partial patterns.

Gray-scale images generated for 400-node images are located in Appendix C, section C.4.2.

4.3.3. Testing vith 500-iode relative samples.

The architecture used to generate this netvork is as follows:

Layer 0 Layer I Layer 2
(Inner Layer) ---- )(fliddle Layer) .---- (Outer Layer)

500 lodes 45 lodes 500 lodes
Image Size: (25 x 201 (5 x 9) (25 x 20)
Block Pattern: (5 x 4)
Overlap: (0,2)

Six of the non-training samples produced a pattern similar in shape, location of center, and
orientation to the corresponding clean image. Recursion vorsened the appearance for most of
these images. FSR valves generated for the propagated images range from 0.0121 to 1.353, With
the recursion samples ranging from 0.0260 to 1.414. The partial patterns produced the highest
FSR values; if these images vere not taken into account, the highest FSR value generated would be
0.3073. The net successfully filtered noise from the images for all of the training files, vhich
vere correct in orientation, location and shape; but recursion vorsened their appearance. The
range of FSR valves range from 0.0104 to 0.2031.

S Gray-scale images generated for 500-node images are located in Appendix C, section C.4.3.

4.3.4. Testing with 600-node relative samples.

The architecture used to generate this network is as follows:

Layer 0 Layer I Layer 2
(lnner Layer) ---- >(Riddle Layer) ---- )(ODter Layer)

600 lodes 45 lodes 600 lodes
Image Size: (25 x 24) (5 x 9) (25 x 24)
Block Pattern: (5 x 8)
Overlap: (0,6)

For all but one of the non-training samples, the net did not filter enough noise to produce a
clean pattern, nor did recursion improve the image. The FSR values for non-traiing samples
range from 0.2358 to 1.6329. In some cases the FSR value generated from noisy vs. clean image
comparison #is lover than the FSR value gonerated-from propagated vs. clean image comparison.
The net did filter noise from all of the training samples to produce images vith correct
orientation, location, and shape. The FSR values generated for the training sets range from
0.0137 to 0.2990, with most of the values less than 0.025.

Gray-scale images generated for 600-node images ire located in Appendix C, section C.4.4.

4.4. Results of experimelts

S
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4.4.1. Summary of samples it the training sets. 0
Vith few exceptions, the tumber of modes in each examples within the training sets is irrelevant
vwes filtering noisy data. Bnly one propagation is required to produce the desired image, but
recirsion may be used if the net has trouble filtering noise. In suck a case oae recursion
operation should be used or else the net Vill not be able to filter noise well eiough to produce
a clean image.

4.4.2. S•umary of samples in the non-training sets.

In most cases the net filtered enough noise to produce a pattern similar in shape, orientation,
aid location of center to that of the clean image. If recursion vas used, only one iteration was
required. looe of the partial images vere successfully filtered by the net. The sample size
that produced the best results consisted of 500 nodes.

4.4.3. Summary

Within the size range studied, for the siZe of the image constituting a training set, the net
will filter noise to produce an image correct in shape, orientation, aid location of center. As
for the image data that make up the non-training set, the net performed best using 500-node
samples. To test the success of filtering noise from sample data, it is critical that the most
important pattern of interest (i.e.. the ellipsoidl should be centered in the middle. In other
words, the more there is of a pattern for the net to recognize, the better the chance of the net
to correctly reproduce that pattern. For most cases, recursion vorsened the appearance of those
images that were part of the training set bet say improve the ippeiraice of non-training images.

5. COICLUSIOIS

5.1. Developing a neural netvork architecture

To summarize, the development of a neural net architecture consists of the following steps:

a) Construct a training set of samples of equal size, vwere each sample represents data for ia
unfiltered image aid to image without noise.

b) Create and train the neural network to the lowest possible error constraint.
c) Save the weights created dering training to a file.
d) Test by propagating samples through the neural net. These samples may consists of those used

in the training set aid those that are not. The images of the propagated patterns should
be generated using a grey-scale program aid the results visually compared with the clean
image.

el hefore ilcreasi*g the size of the trailing set save the weights generated by the neural set to
a voigkt file. The data file coataining the training set can -ely be modified outside of
IETS.

f) IFrease the size of the training set by oin simple. This should enable the neural Oet to
learn more patterns.

g1 lefore retraiiing the netvork it is important to lad the veight file saved from the previous
experiment.

After determining ow maily samples should be in the training set it is important to select the
ietwork architecture that will produce the best results. The above description should kelp
clarify the process.
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S 5.2. Conclusions drawn from experiments

Several conclusion can be drauv from these experiments.

a) A matrix architecture consisting of ote middle layer should be used to filter noisy data. The
size of the image data used to test aid train the neural netvork should consist of 300,
400, 500, or 600 nodes.

b) Images based on relative scale should be used to train and test the neural net for this
application.

c) Vitk regard to those images used in the training set aid filtered through a trained neural
net, the number of lodes in each sample is irrelevant. The neural net will filter noise
to produce ai image correct in orientation, locatioc and shape to the corresponding cleai
image. The oily way that the trained net can recognize a specific pattern is to
incorporate that pattern as part of the training set.

d) The 500-node size provided the best resilts vith non-training examples.

el If the neural net had trouble filtering noise to produce a clean image, and if the subject
example was not part of the training set, recursion may help generate an image oith the
correct orientation, location, and shape. Dnol one propagation is required to provide a
better resolution for any particular example. Recursion of samples used in the training
set only Vorsens tie appearance of the image.
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II

Appendix A: Terminology

This appendix provides oily the minimum explanation needed to understand the material presented
in this report. For more iuformation consult the NETS User's 6uide (Version 2.8).

A.I. Definitions

bias - a bias value are veight values used to offset (hence 'bias') the output value of a node.

cycles - represents the number of times the training set presents itself betveen Negrous to
settle into a stable pattern in order to connect or classify input patterns.

error o represents the difference betveen the current state of the ietvork aid the desired state
to produce a function (sum of squared errors) utilized to perform the gradient descent to
change the veigbts of the network.

FSR (Fraction of Squarec Residuals) - a scale-invariant method used to measure the quality of an
image. Two ir:0t files are used to generate this value. if the FSI generated is equal to
zero, then the filtered sample is an exact match of the clean sample.

The equation for FSR is developed is follovs:

Let 1(i), i 1, ... , m represent the noise-free patterns, and Zpi), i - 1 ... m
represent the scisy patterns.

Define the folloVing auxiliary variables:

M_ 1 3 S] _ IE-

Then calculate the standardized versions of Z(i) aid Call these Oi) aid

C, U)- Z~i - (i)i) -7(i) -72
sz z

Finally, the Fraction of Squared Residials (FSR) of the standardized residuals is
obtained by:

A - 1



global - refers to setting specific momentum, learning, and veight valves for all layers of a

neural let.

image - refers to I pictoral representation of image data. (See definition below.)

image data - refers to a data file of scaled values indexed betweee 0 aid 1. Image data files
are used by BETS to set up training files and for testing heo successfully the neural
ietvork learned.

layers (also called slabs) - refers to a grouping of aodes. In this experiment the neiurl
networks used will have in input layer, an output layer, and one or more middle (or
hidden) layers. The inpet layer presents the stimuli to commence training of the netvork
aid the output layer determines the netvork's response.

learning - the netvork achieves learning by changes in the weight values.

learning rate - this parameter is used to chauge the connection strengths (i.e. the weights)
betveen the Nodes.

local - refers to setting Romeutne, learning, and veight valnes for specified layers of a Neural
net.

momentum - enhances the speed of learking by adding in past effect of weigkt chailges to produce
similar alteritions in a veight, building up a coliective momentum to change the valve of
the veight more rapidly.

node (also called a processing element, pixel or neuron) - the basic processor of a Neural
netvork roughly inilogous to a biological neuron. The node calculates incoming collection
values to calculate its output through the use of some threshold scheme.

overlap - refers to overlapping pattern areas when mapping a group of oides free oae layer onto a
single node in another (see pattern).

pattern - refers to pattern areas of in incoming (outer) layer being mapped as a group onto a
single node of the current (inner or next) layer.

propagation - this is the process of taking a noisy image through a trained net aid filtering
Noise to produce an image, i.e., calculation of output from input.

recursion - refers to the process of refilteriig ia image previously propagated through the net
by propagating this image tkrough the net aet sore time.

teiching (or training) - refers to presenitng a set of data to a Neural network, vhere this data
will cause the veight values of the network to change in response to the input.

veight (also called connections) - a value which represents the connection carrying the
electrical between nodes.

A.2. Explanation of matrix formation in neural nets

The lETS program permits a matrix architecture to be created in wkick a 2-0 input array is
organized into 2-0 blocks for the purpose of making connections to each of the tides of the

A-2



middle layers. The process of 'blocking' involves several parameters:

b ig - The nmmber of rOes in the input pattern.
1pattern - The number of rows per block
1overlap b The Number of roe elements overlapped in adjacent

blocks
Isma1i - The number of row-vise blocks

Ybig - The Number of columns in the input pattern.
Tpattern - The number of columns per block
Yoverlap - The number of columns elements overlapped in adjacent

blocks
Ysmall - The number of column-vise blocks

For the moment consider only one row of blocks. To evaluate the snmber of column blocks (Ysma 1 '),
recognize that the Y columns in the pattern must equal .att rn elements in an end block -
either the first or M last - plus Ypitter, - Yoverlap non-overlapping elements in each of the
other blocks. Thus,

Ybig Ypttern ptter- overlap)(YsmalT ) ( I

Of course, Y-11l is an integer, so that only certain values of Y pattern and Yoverlap can be chosen
to preserve ae above integer equality. From (1),

S smill 1 (V big - ypattern 1l(lpatter" yoverlap) (21

The number of column-vide blocks is given by equation (2). For example, if there are Ybig a 5
columns in the input pattern matrix, one feasible blocking is the folloving:

apottern , 3 elements per block with
overlap I element overlap, resulting in
small ' 2 column blocks.

All of the above argiments leading to equation (2) apply is well to rows, with the substitution
of 'roes' for 'coimans'. This derivation leads to

Xsmll1 a 1 I (1 big -
Xpattern)1 (X ptteri" Xoverlap)' (3)

where X-'tteI l lad moveulopmost be chosen to yield am integer Xsial . Silnc, there are 64ll row-
wise blocks and sma l 1coiumn-vise blocks, the total Number of middle layer nodes (N) is given by

R 0 4ill x Ysma1 (4)

each mid-dle-layer mode being cono-tcted to tack element in just one block.

To summarize, the formulas used is i guide to the relative dimensions between the big and small
layers and the pattern and overlap area include:

and 'big ' 'pattern 4 (Xpattern - I overlap) imall11- I

Ybig 0 Ypattern 4 (Ypattern " Y overlap,1(6mal 11*1
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A.3. General operations of lETS used during studies

Once a network patter. has been created, the METS program may be operated following these
sequence of patterns:

A.3.1. Create.

Select 'c' from the METS maia menu to create a network and enter the follooieg information:

1) lame of file with get cosfiguration.
2) Enter maximum weight value (use default)
3) Enter minimum weight value (use default)
4) Use a global learning rate (answer Yesl
5) Ester global learning rite (use default)
6) Use a global momentum (answer Yes)
71 Ester a global momentum (use default)
8) Use biases in network (ansver Io)

A.3.2. Initialize.

Select 'i' from the NETS main menu and enter the name of the training file.

A.3.3. Train.

Select It' from the METS main menu to train the network. Enter the desired constraint error, the
desired number of cycles, and the cycle increment. Vhen the six error value converges to
a value less than or equal to the constraint error before completing the desired number of
cycles, the network is considered to be trained.

A.3.4. Saving and Restoring weights.

After training the net, it is imperative to save the connections between the nodes because
training networks, especially large ones, can often take a lot of time. These connections
- called weights - generated by the neural net may be saved into a special types of tiles.
To save the weights, select 's' from the NETS main menu and enter the neae of the 'ile.
There are two file formats available for use. The first, which ends in .fut, uses a
binary format for a fast save but is unreadable in text format. The second, .pit, are
portable format weight files readable in text format. These two type of files are not
compatible with one another. To avoid confusion, METS labels each of these files such
that it can check at run time that the fileiame specified matches the format desired.

To restore the weights (prior to training a notwork),. select 'r' from the METS main menu and
enter the name of the file. Restoring the weights into a neural net is particularly
useful when increasing the number of simples in the training set.

A.3.5. Propagate

Select 'p' from the NETS main menu to filter the input data through the net. Enter the alme of
the file containing the input data, press return twice, aid enter the name of the file
containing the results of the propagation. This file is used by the gray scale program to

produce a composite picture of the filtered image, which can be visually compared with the 0
clean version of the same image. If the resulting picture is not clear, this same file
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can also be used as the input data. The process of gemerating another image based upol
input data previously generated by the let is called recursion. Recursioe is useful in
enhancing the quality of the image.

A.3.6. Saving source code.

lETS provides an option to generate delivery code of a trained neural ietwork file for
portability. To generate computer code select 'g' from the IETS main mean and enter the
name of the file to store the code. The generated code will be vritten in the C
programming language.

A.4. Relative and absolute scales of measures.

The absolute scale of measure refers to scaling all images to one scale while the relative scale
refers to scaling each image using its ova range: uax Y min" The folloving equition is
used:

Yrauked (Yactual T ill/(Ysmix Tmin) * 0.8 # 0.1

where Ya tual is a numeric value, Ym'x is the highest value represented by the image and Y • isthe lovest value representel by the image. As an example, suppose there are three images
that are to be used in a neural network experiment, wkere each image consists of a certain
number of pixels and each pixel is represented by a number. If the absolute scale was to
be used, the maximum value would be the highest value found in all three of the images and
the minimum value would be the lovest. If relative sc, ' vas used, tack pixel in each
image would be adjusted according to the maximum and s .. iaum values in each image.
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. Appendix 1. lETS architectures used in experiments

These architectures were developed using the folloviag equatiois:

%ig 2' patteri ý (pattern :1I overlap)*, nn-'l)
big patter. * (Ypatter. Toverlap' I*mall -1

These formulas serve as a guide to calculate the patterned connection scheme betveen the ioput and middle
layers. The pattern areas refer to the mapping of a group of pixels from one layer onto a single
node of another layer. The overlap areas refer to the overlapping of pattern areas mitk one
another, aid this overlap may occur in either, or both, the I and I dimensious. All variables
are expressed as integers. All of the input layer, output layer, middle layer, pattern, and
overlap dimeesions were calculated using this equation.

1.1. 3-sample 500-pixel architectures

These architecture mere tested during the developmeet of the SO6-pixel architecture using a triniieg file
of three samples. Ali input aid output layers represeet the noisy and clean images,
respectively, and are 500 pixels in size (25 pixels wide by 20 pixels long). All leariing times
are expressed in seconds:

Using I middle layer:
Trained uith bias:

lnput Layer I Outer flax Error : 0.191S Image Size: 25 x 20 5 1 7 25 x 20 tINS Error :0.050
elock Pattern: (5,8) Cycles :24
Overlap: (0,5) Learning Time : 105.0

Trained with and without bias:
Input Layer I Outer

Image Size: 25 x 20 7 1 5 25 x 20
Ilock Pattern: (7,41
Overlap: (4,01

lumber Learning
flax Error RAS Error of Cycles Times

uith bias: 0.182 0.059 23 98.0
without bias: 0.182 0,059 23 142.0

Others used:
Input Layer I Outer

Image Size: 25 x 20 5 1 7 25x 20
Slick Pattern: (9,81
Overlap: (5,6)

0
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Using 2 middle layers:
Trailed oith bias:

Input Layer I Layer 2 Outer Nix Error :0.117
Image Size: 25 x 20 S x 7 4 x 5 25 x 20 IS Error :0.060
flock Pattern: (5,8) (2,31 Cycles : 90
Overlap: (0,6) (1,2) Learning Time: 273.0

Input Layer I Layer 2 Outer oix Error : 0.193
Image Size: 25 x 20 5 x S x 5 25 x 20 tiS Error : 0.067
flock Pattern: (9,8) (1,31 Cycles : 89
Overlap: (5,6) (0,21 LearIing Time: 334.0

Input Layer 1 Layer 2 Outer flax Error : 0.198
Image Size: 25 x 20 5 x 7 5 x 4 25 x 20 INS Error :0.066
flock Pattern: (5,8) (3,21 Cycles :95
Overlap: (0,6) (2,1) Learning Time: 382.0

Input Layer I Layer 2 Outer flax Error : 0.193
Image Size: 25 x 20 S x 7 S x 5 25 x 20 iNS Error : 0.055
Block Pattern: (5,8) (3,1) Cycles : 52
Overlap: (0,6) (2,01 Learning Time: 189.0

Trained vithout bias:
Input Layer I Layer 2 Outer fllx Error : 0.197

Image Size: 25 x 20 5 x i 5 x 5 25 x 20 IRS Error : 0.058
Block Pattern: (5,8) 11,3) Cycles : 49
Overlap: (0,6) (0,2) Learning Time: 149.0

Input Layer I Layer 2 Outer flax Error : 0.197
Image Size: 25 x 20 5 l 7 4 x 4 25 x 20 RfS Error : 0.051
flock Pattern: (5,8) (2,4) Cycles : 45
Overlap: (0,6) (1,31 Learning Time: 118.0

Input Layer I Layer 2 Oeter flix Error : 0.199
Image Size: 25 x 20 5 x I 4 x S 2S x 20 OiS Error :0.044
Block Pattern: (5,8) (2,3) Cycles :$8
Overlap: (0,6) (1,2) Learning Time: 222.0

Input Layer I Layer 2 Outer flax Error :0.195
Image Size: 25 x 20 5 I 4 x 5 25 x 20 INS Error :6.865
flock Pattern: (9,8) (2,3) Cycles :65
O'verlap: (5,6) (1,2) Leinrlil Tine: 208.0

Input Layer I Layer 2 Outer flax Error : 0.188
gloge Size: 25 x 20 7S1 5 Si" 4 25 x 20 INS Error : 0.01?
Block Patters: (7,4) (3,2) Cycles : 43
Overlap: (4,0) (2,1) Learning Time: 133.0

Input Layer I Layer 2 Outer Rfx Error : 0.199
tIell Size: 2S x 20 7 x 5 5 5 2S 1 20 fiS Error : 1.163
Bleck Pattern: (1,4) (3,11 Cycles : 31
Overlap: (4,01 (2,0) Learning Time: 111.0
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. Trailed without biases (continued):
Input Layer 1 Layer 2 Outer flax Error 0.195

Image Size: 25 x 20 7 1 5 4 x 4 25 x 20 iNS Error :0.060
flock Patters: (7,41 14,21 Cycles :34
Overlap: (4,0) (3,11 Learsing Time: 89.0

Trailed oith aid Without bias:
Imput Layer I Layer 2 Outer

Image Size: 25 x 20 5 x 7 5 x 4 25 x 20
flock Patters: (5,8) (1,4)
Overlap: (0,61 (0,3)

lumber Learning
flax Error irS Error of Cycles Times

oith bias: 0.195 0.052 44 155.6
without bias: 0.182 0.059 46 164.0

Input Layer I Layer 2 Outer
Image Size: 25 x 20 5 x 7 5 x 4 25 x 20
ilock Pattern: (9,81 (1,4)

Overlap: (5,6) (0,3)

lumber Learning
flax Error 0IS Error of Cycles TimesS oith bias: 0.190 0.088 86 275.0

without bias: 0.199 0.044 31 222.0

Input Layer 1 Layer 2 Outer
Image Size: 25 x 20 5 x 7 4 x 4 25 x 20
ilock Pattern: (9,8) (2,41
Overlap: (5,61 (1,3)

lumber Learsieg
flRx Error IRNS Error of Cycles Times

with bias: 0.19O 0.073 93 277.0
without bias: 0.192 0.060 64 181.0

Others:
Input Layer I Layer 2 Outer

Image Size: 25 x 20 7 x 5 4 x 5 25 x 20
Ilock Patters: (7,4) (4,1)
Overlap: (4,0) (3,01

Isieg 3 middle layers (mose successfully couvergedi:
Ilput Layer I Layer 2 Layer 3 Outer

Image Size: 25 x 20 5 1 1 5 x 4 2 x 2 25 x 20
flock Patter.: (5,81 11,41 (3,21
Overlap: (0,6) (0,31 (1,0)
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Using 3 middle layers (continued): 0
input Layer 1 Layer 2 Layer 3 Biter

Image Size: 25 1 20 5 1 7 5 1 5 2 x 2 25 x 20
Ilock Patter.: (5,8) (1,3) (3,3)
Overlap: (0,61 (0,2) (],0)

Input Layer 1 Layer 2 Layer 3 liter
Image Size: 25 x 20 5 x 7 4 x 4 2 x 2 25 x 20
Block Patter.: (5,8) (2,4) (2,2)
Overlap: (0,6) (1,3) (0,0)

Input Layer I Layer 2 Layer 3 Outer
Image Size: 25 x 20 5 x 7 4 x 5 2 x 2 25 x 20
Bleck Patter.: (5,8) (2,3) (2,3)
Overlap: (0,6) (1,2) (0,1)

Input Layer 1 Layer 2 Layer 3 liter
Image Size: 25 x 20 5 x 1 5 x 4 2 x 2 25 x 20
Iloct Patter.: (9,8) (1,4) (3,2)
Overlap: (5,6) (0,3) (1,0)

Input Layer I Layer 2 Layer 3 Outer
Image Size: 25 x 20 5 x I S 1 5 2 x 2 25 x 20
Block Pattern: (9,8) (1,3) (3,3)
Overlap: (5,6) (0,2) (1,1)

Input Layer 1 Layer 2 Layer 3 Outer
Image Size: 25 x 20 5 x 7 4 1 4 2 x 2 25 x 20
Ilock Pattern: (9,8) (2,4) (2,2)
Overlap: (5,6) (1,3) (0,0)

lnput Layer I Layer 2 Layer 3 Outer
Image Size: 25 x 20 5 1 4 x 5 2 x 2 25 x 20

elock Patter.: (9,8) (2,3) (2,3)
Overlap: (5,6) (1,21 (0,1)

Input Layer I Layer 2 Layer 3 Outer
Image Size: 25 x 20 1 x 5 5 1 4 2 x 2 25 x 20
lictk Pattert: 17,4) (3,2) (3,2)
Overlap:- (4,8) (2,1) (1,8)

[tpit Layer 1 Layer 2 Layer 3 Outer
Image Size: 25 x 20 ) I S 5 x 5 2 1 2 25 x 20
Bloc Patters: (7,4) (3,1) (3,3)
Overlap: (4,0) (2,01 (1,1)

lIput Layer 1 Layer 2 Layer 3 Outer
lefa@ Size: 25 x 20 7 1 5 4 x 4 2 x 2 25 x 21
Block Patter.: (7,4) (4,2) (2,2)
Overlap: (4,0) (3,1) (0,0)
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. Usiug 3 middle layers (cootieied):
Inplt Layer 1 Layer 2 Layer 3 Outer

Image Size: 25 x 20 7 x S 4 x 5 2 x 2 25 x 20
Ilock Patters: (7,4) (4,1) (2,31
Overlap: (4,61 (3,0) (0,11

1.2. S-sample 500-pixel archkitectures

These architectures tere tested duriug the developsent of the 560-pixel architecture using a training
file of five samples. All input aid output layers represent the oisy aid clead images, respectively,
and are 500 pixels in size (25 pixels side by 20 pixels lobg):

Usiog I middle layer:

Traiied vitk biases:
Input Layer 1 Outer flax Error : 0.180

Image Size: 25 x 20 5 1 9 25 x 20 INS Error : 0.054
Ilock Patters: (9,4) Cycles : 38
Overlap: (5,2) Learning Time : 330.0

Input Layer I Outer flax Error : 0.188
Image Size: 25 x 20 S X 10 25 x 20 INS Error : 0.043
$lock Patters: (5,2) Cycles : 176
Overlap: (0,0) Learning Time : 695.0

laput Layer I Outer lax Error : 0.175
Image Size: 25 x 20 5 1 10 25 x 20 IRS Error : 0.062
Block Patters: (9,21 Cycles : 130
Overlap: (5,0) Learning Time : 296.0

Input Layer 1 Outer flax Error : 0.196
Image Size: 25 x 20 10 1 5 25 x 20 INS Error : 0.048
alock Patters: (7,4) Cycles : 43
Overlap: (5,0) Learniug Time : 407.0

Trained Without biases:
Input Layer 1 Oster flax Error : 0.100

Image Size: 25 x 20 5 1 9 25 x 20 IRS Error : 0.039
Block Patter.: (5,4) Cycles : 132
Overlap: (01,2) Learning Time : 1043.0

Using 2 middle layers (olme successfilly couverged 1:
lepit Layer 1 Layer 2 Outer

Image Size: 25 x 20 5 x.9 4 x 4 25 x 20
Ilock Pltter.: (5,4) (2,3)
Overlap: (0,2) (1,1)

Input Layer I Layer 2 Outer
Image Size: 25 x 20 5 x 9 4 x 4 25Sx 20.lock Patters: (5,41 15,31
Overlap: (1,2) (5,1)

8-5



Using 2 middle layers (continued): 0
Input Layer I Layer 2 Outer

Image Size: 25 x 20 5 x 9 4 x 5 25 x 20
Ilock Patters: (5,4) (2,51
Overlap: (0,2) (1,4)

Ispot Layer I Layer 2 Outer
Image Size: 25 x 20 5 x 9 4 x 5 25 x 20
Ilock Patters: (5,4) (5,5)
Overlap: (0,2) (5,41

Input Layer I Layer 2 Outer
Image Size: 25 x 20 5 x 9 5 x 5 25 x 20
Ilock Patter.: (5,4) (1,3)
Overlap: (0,2) (0,11

laput Layer I Layer 2 Outer
Image Size: 25 x 20 5ig 5 1 5 25 x 20
Ilock Patters: (5,4) (5,3)
Overlap: (0,2) (5,11

laput Layer I Layer 2 Outer
mage Size: 25X 20 5 x 9 5 x 6 25 x 20

$leck Patters: (5,41 (1,5)
Overlap: 10,2) (0,4)

Input Layer I Layer 2 Outer
image Size: 25 x 20 5 1 9 5 x 6 25 x 20

Ilock Patters: (5,4) 15,4)
Overlap: (0,2) (5,51

Input Layer I Layer 2 Outer
Ilol# Size: 25 x 20 5 x 9 4 x 4 25 x 20
Ilack Patter.: (9,41 (2,31
Overlap: (5,21 (1,1)

Ilput Layer I Layer 2 Oster
Imlge Size: 25 x 20 5 x 9 4 x 5 25 x 20
Ilack Patter.: (9,4) (2,5)
Overlap: (5,2) (1,41

Input -.Layer I Layer 2 Outer
Image Size: 25 x 20 5 x 9 5 x 5 25 x 20
Ilock Patter.: (9,4) (1,3)
Overlap: (5,21 (0,)

luput Layer I Layer 2 outer
gloge Size: 25 x 20 5 x 9 5 x 5 25 x 20

Ilock Patter.: (9,41 (1,5)
Overlap: (5,2) (4,1)

8-6



Usiag 2 middle layers (coitihued):
Imput Layer I Layer 2 Outer

Image Size: 25 x 20 5 x 10 4 x 4 25 1 20
Block Patteri: (5,2) (2,3)
Overlap: (0,0) (1,1)

Imput Layer I Layer 2 Outer
Image Size: 25 x 20 5 x 10 4 x 5 25 1 20
Ilock Pattern: (5,2) (2,5)
Overlap: (0,0) (1,4)

Input Layer 1 Layer 2 Outer
Image Size: 25 x 20 5 O 10 5 x 4 25 x 20
Block Pattern: (5,2) (1,4)
Overlap: (0,0) (0,2)

Input Layer I Layer 2 Outer
Image Size: 25 x 20 5 x 10 5x5 25 1 20
tlock Patters: (5,2) (1,S)
Overlap: (O.Q) (0,4)

0
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S Appendix C: Summary of Experimental Results

C.A. Termielelgy.

For the tables below, each column headieg is abbreviated usiog the folloviii symbols:

Sets (s): Size of Samples: Orientation of hole (0):
a - clean 300 - 300 pixels L - Slant Left
b - propagated 400 - 400 pixels S - Straight
c - 1st recursion 500 - 500 pixels R - Slant Right
d - 2nd recursion 600 - 600 pixels I - lot determinable

Location of Center (L): Shape (S):
T - Top 0 - Oval
C - Center RO - Roughly Oval
I - lottom A - Amoebic (no shape)

HO -- Half-oval
I - I-shaped

FSR - Fraction of Squared Residual
(tj - Part of training set
(it) - lot part of training set

The actual values should look like this:

S Sit 0 L S Set 0 L S Set 0 L S Set 0 L S

2 R C 0 O R C 0 13S C 0 1 L I NO
3 L C 0 9 L CO 14 R C 0 19 S I HO
5 S C 0 1O S C 0 15 L C 0 20 R I NO
6 L C 0 11 R C 0 16 S C 0

These symbols are used to describe the appearance of the image is generated tkrough the grey-
scale program. As an example, set I describes an image that is oriented tovard the left, whare
the center of the image is located in the center of the picture, and is oval in shape. To
determine vhether a generated image represents the clean image, the symbols betveen the clean and
propagated image must matck. If the propagated image matches the clean image according to the
criteria listed above, and the FSR value is less than 0.25, then the net filtered enougk noise to
produce the shape of the image.

*The charts beloa summarizes the results of the experiments. The FSR valves that are text to the
descriptioe of the clean image represent the value generated comparing the noisy vitk the clean
image.
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300 400 500 600 0
Sit 0 L S FSR 0 L S FSR 0 I S FSR DL S FSR

( it) oil t- (,-t) it)

It L1 C 0 .9155 L U 5 .5151 L C 0 .9151 L C 0 .9453
b L C 0 .1547 S C 0 .6340 L C 0 .1771 L C RU .3227
c L C 0 .1259 SL C 0 .4250 L C RU .2002 L C 0 .2358
d .. .... L C 0 .2945 L C RU .2031 ...

(at) (it) (It) (It)

2. R C 0 .4752 0 C 0 .4856 R c 0 .4856 R C 0 .5092
b LSR C At .2052 SR C R0 .3262 k C RU .1419 L C R0 .9329
c SR C A .1259 SR C ARO .3258 R C 0 .0574 L C RU 1.2734
d . ....- S C A .3499 R C 0 .0407

it (t (it) It

3a L C 0 .4297 L C 0 .4693 L C 0 .4693 L C 0 .4737
b L C 0 .0117 S C 0 .2225 L C 0 .0673 L C 0 .0137
c L C 0 .0232 L C 0 .1803 L C 0 .1118 L C 0 .1900
d -... L C 0 .1901 L C RU .1142

5. S C 0 .5510 S C 0 .7000 S C 0 2.595 S C 0 .6319
b S C 0 .0112 S C 0 .1699 S C R0 .0126 S C 0 .0192
c S C Al .0941 LS C ARO ---- LS C R0 .1450 S CIRO R 2400
d .... LI C 0 ---- L C RO .3529

It (t ) (t it

61 L C 0.5505 L C 0 .6237 L C 0 .6237 L C 0 .6540
b L C 0 .0111 L C 0 .1614 L C 0 .0123 L C 0 .0219
c L C 0 .0213 L C 0 ---- L C 00 .0986 L C 0 .0657
d ---- L C 0 .... L C RO .1386 ...

7. S C 0 .5175 S C 0 .5422 S CO .5422 S C 0 .5540
b S C 0 .0426 S C 0 .2075 S C 0 .0258 S C 0 .0238
c S C 01 .1204 S c RU .... S C 0 .0339 S C RU .1104
d -. . R c ---- S C 0 .0454

Mt It) Mt. (tl

. 1 £ 0 .5491 2 C 0 .5360 R C 0 .5860 R c 0 .5266
b I C 0 .8110 1 C 0 .1598 R C 0 .0138 R C 0 .0183
c R C 0 .0189 RS C. RU ---- R C 0 .0228 R C 0 .0626
d . .. S C RD . . R C 0 .0261

9a L C 0 .5725 L C 0 .6028 L C 0 .6028 I C 0 .6086
b L C 0.0491 L C 0 .1531 L C 0 .0104 1 £ A .4419

L C 0 .0373 L C 0 .... L C R0 .065S L C 0 .4481
d . ....- L C 0---- L C 10 .1120

0
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1 300 400 500 500

Set 0 L S FSR 0 L S FSR 0 L S FSR 0 L S FSR

(tj (It) (t) Mt)
l10 S C 0 .6075 S C 0 .8010 S C 0 .8010 S C 0 1.5056
b S C 0 .0132 S CR 0 .3095 S C 0 .2131 S C 0 1.5329
c S C 1A .1125 S C RD .1784 S C 0 .2249 s C RA 1.4910
d - -...... .SL C RD .1991 S C 0 .3590

(it) (It) It] Mt

1Ia R C 0 .6475 R C 0 .7834 R C 0 .7834 R C 0 .6961
b S C XA .2215 RIc 00 1 L C 0 .2031 R C 0 .0123
c S C XR0.430 S C RO .4075 R C 0 .2136 I C A .4266
d ..... S C R0 .4-98 R C 0 .2175

12a L C 0 .5285 L C 0 .5433 L C 0 .65433 L C 0 .6913
b S C XA .3813 L C 0 .1507 L C 0 .0115 L C 0 .0203
c Sg C A .4930 L C 0 .-52 L C R0 .0773 L C 0 .0826
d ----- L C 0 .614 L C R0 .1335

nt) (at) (at) (at)

13a S C 0 .4285 S C 0 .7536 S C 0 .5805 S C 0 .6722
b S C 0 .0127 S C R0 .2870 S C 0 .0124 L C 0 .8043
c S C R0X.1125 L C RD .4512 S C 0 .0218 L C 0 .7311
d L..... S C 0 .6140 S C 0 .0223 3....

nIt) (at) [ot) (It)

14a R C 0 .4591 L C 0 .6461 R C 0 1.6572 R C 0 .6002
b R C 0 .0109 LS C RO .3341 R C 0 .0121 L C 0 1.293
c R C 0 .0227 SR C ED .3683 R C 0 .0260 L C 0 1.349
d -.. -.-.... . .R C RA .3540 R C 0 .0331

It) lot) lot) It)

15i S C 0 .5718 L C 0 .1496 L C 0 .1576 L C 0 .5748
b L C 0 .0112 L CO 00X .4527 S C R0 .2885 L C 0 .0139
c L C 0 .0457 L C ED .2941 L C R0 .1192 L C 0 .3910
d ..... L C RA .1640 L C 00 .1190

(it) Mt (at] (It)

1li A C 0 .6325 A C 0 .7044 A C 0 .7044 A C 0 .7151
b S C 00 .0521 S C 0 .1585 S C 0 .0554 L C 0 .4046

c S C Al .1393 SL- C RO .... .S C 0 .0319 L C 0 .7339
d . . . L C 10 ---- S' C 0 .0237, . . .

nItl Mt (it) nt
1IN A C 0 .4644 R C 0 .5164 R C 0 .5154 R C 0 .5465
b S C 1A .3975 0 C 5 .1563 S C 00 .3073 1 C A .8510

c S C XA .2801 ES C A0 .... R C 0 .1192 L C A 1.034
d -- ----- S C RA -..- R C 0 .0577
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300 400 500 600
Set 0 L S FSR 0 L S FSR 0 L S FSR 0 L S FSR

(at) t) it) it

18l L I HO .8044 L B HO .7808 L B HO .7808 L I HO .8213
b L I NO .0171 L I HO .3569 S C 0 .9996 L I HO .2990
c S 1 0 O.2075 L B RHO .4912 S C 00 .9871 1 BC A .4133
d -. ... S I RD .5921 L C R0 1.04 -..

lot) Mt fat) at

19a S B HO .8623 S B HO .8003 S C HO .8003 S B HO .8497
b L C 0 .3816 S B HO .3337 S C R0 .5749 I C A 1.173
c L C 0 .4435 L BC RD .6148 L ULC 0 .6418 S C RD 1.175
d ---- L C 0 .7868 L ULC 0 .6930

(a )(it) (It) (int)

20 R B H 1.140 R B HO 1.028 R B HO 2.326 R I HO .4286
b S C ROX 1.557 S BC ARO 1.076 S C R0 1.353 L C RD 1.092
c S C NOX 1.685 S C R0 1.381 S LC 0 1.361 L C 0 1.636
d ---- LS C 90 1.387 S LC 0 1.414

C.2. Summary of samples in the training set

Based upon the shape, orientation, and location of the the center of the clean image, the net
filtered enough noise to produce ai image similar to the clean image after oie propagation. With
a few exceptions, only one propagation was required.

C.2.1. Chart of results from training set

The following chart represents the number of propagations required for the net to filter enough
noise to produce an image. I represents one propagation, 2 represents one propagation and one
recursion, and IA means that the data file vas not part of the training set. There ire ten
samples in each of the data sets.

Set 300 400 500 600 Set 300 400 500 600
3 1 2 BA 1 12 BA I I I
5 1 1 "1 1 13 1 BA I BA
6 1 1,2 1 1 14 1 IA I IA
I 1 1 1 1 15 1 IA IA 1
8 1 1 1 1 16 IA I IA IA
9 IA 1 1 BA 17 IA 1 IA BA
10 0 1 *A 1,2 1 18 1 "1 BA 1
11 A IA. 2. 1 19 IA 1 IA. BA

C.2.2. Conclusions from the test data:

With few exceptions, the size of examples within the training sets does not matter when filtering
Noisy data from input that is part of the training set. Only one propagation is required.
Recursion may be used only if the net hid trouble filtering noise. In such a case one recursion
operation should be used or else the net will never be able to filter noise to produce a clean
image.
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0
C.3. Summary of nom-training sets

lased upon the shape, orientation, aid location of the the center of the clean image, the net
filtered enough noise to produce an image similar to the clean image after one or two
propagations. For many cases recursion made a difference, for others that did not mltter. The
met had trouble filtering those images whose center appeared at the bottom of the page and is
half-ovil (truncated ellipse) in shape.

C.3.1. Chart of results from training set

The following chart represents the number of propagations required for the net to filter enough
noise to produce in image. I represents one propagation, 2 represents one propagatiou and one
recursion, 3 represents one propagation and tun recursions, IA means that the data file was not
part of the training set, and ho means that not enough noise vws filtered to produce an
acceptable image. Altogether there are nine samples in each of the data sets.

Set 300 400 500 600 Set 300 400 500 600
1 1,2 3 "1 2 14 IA lo IA lo
2 ho ho 2,3 ho 15 IA 3 2,3 IA
3 IA IA I IA 16 1 IA 1,2,3 Io
9 1,2 IA IA no 17 no IA c Io
10 IA 2 IA IA 18 IA IA Io IA
11 ho .1 IA IA 19 Io IA no Ho
12 1o IA IA IA 20 Ho no Ho Ho
13 IA 'I IA ho

C.3.2. Conclusions from the mon-training data:

Sets 18, 19, and 20 represent only a partial image, while the reminder of the sets represent a
complete image. lone of these partial images vere successfully filtered by the net. Recursion
vorks best vith non-training sets, where one or two times at most is enough to perform the task.
Of all the sample sizes used, 50O-pixel network architectures provide the best overall result to
filter noise from data to produce a cleaner image; this is folloved by 400 pixels. The 300- and
600-pixel size images should be avoided in filtering operations.

C.4. Pictures of Images

0
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SET 1 - 300nodes
C.4.1. 300-pixel images NONTPININ SET

13S*S+&S388988(t ___ __ __ __ __ __ __ __

I 33S8$S888&8 88t'383888838' 1 38SM*83
I +*88+3388$3StS**&S++*S$83 I +388188S+
1(+<38+88**8$*S*.38. . 33&* 884131388
'18*8S38+33S38&&8*8**8**+*S I 8413183

I+3838++33*S38888c8+<+.< 3 1 583311S.
I +*S+3*<888838S8S*8S3*i33 I8*&*11883
I S88S88S588&8S88S$*3+*ct+ IaM I811S
1<<3+ '3S$8&S'88S3+*S<**3 I'*M311888
1+(+< **S83SS88883S88*838* I88*1118S'

I.+~'c~888I81*S3+'< IS8111883
Iý*S., 3 <. 38S888$*338'3'. 384118ss

NOI SE

FSR=0.9 155

118 7zsss83s8 .8...
I. +811111388'* .(.* 1. ;B$ZW1148S+V

SS8*$Z1l*88.' .*I 38*1S.......

I.....38*8*11$*88 I........ 88*I1888S+--
.'888818BS '.* I.*+SS$$311183

PROPAGATED RECURSIO0N

FSR. 1-0. 1547 7

FSRrO0.1259

StdD-0.3059

C-6



SET 2 - 300 pixel
NON-TRAINIW.,

. ~1 *8*8+3+<44 SSISS3I*S8'++**
1*388S3++8+SS1S8*88383*:3c 8&8****5
1++33+*<**81&8881*3+*8S:3* I 388*111*8.
14+<*3<*+538118S888+. (3*S* +S8*111*883
13*888+33S888*8588+3++c *8 88$lr1114S(c
1+*S*8++88888S*1*3S+<+.c :3 1&ZZ $5118:3
1 ++8<388S&SSS88$8*38*+<c*3 I88*1111$as+
I .83838*8*88S&88888+*c4<+ I&ZZ 0*11 83
I( (+*(518*155383**++8.++3 I 88*1I11*SSc
1(<(. 8S1*888883<<*8S+3*3+ 1 85*1111$83
I. (*<*883SS8*888+8S88*+*+ I 88$1111$88
I (+8++8&3888*8$S*3S33*3<. I S4ZO

I 38b*1I*sa:3

NOISE
CLEAN~

FSR =0.4752

I * 3S88***8888S3+.
1. . .+388*$Z**588883 <.,+8S&8$88&3S*(-

I **8&*1111*838+ I (38**33
I ',+88*1111*583' .... (.*&$Z*3

I . .+88$111118SS. . .<3a88**1*S3' .
II . *Sss*11***8'<

1. . +3388*11**83*+ I .. '*88*111158+'..
I ..33:388*I**838:3* ... 1. ...+8S8*11188S*(<

1. .(+3883S8588&33*83+.. .(3*S8**I*88*3(< ..
I. -+8S88*S888***83+ .'I...+*88S8*$*S33,++<(.

I.+3S8898888*(... ....

PROPAGATEDREUSO

FSR = 0.2052

FSR rm 0. 1265

StdD= 0.3245

C-7



TRAIN=N

z3+388sss88$&s. .3*3**' S
I *S8#848888383S3+$+*8~3S+<+ +s8*UN*85s
I ;***+35S&68$*a8*33c* *888* 88$Znsas
14+3*8888$8$*S+38< <+33* &43
J+*83S38s88aaa$&Z**+*3*+*8 88$mfl$as<
1*333338 885s584*$a+*:3< .3,*#-M8

I c+**+*3838SSS8888S8***3+$ 8801NN *as+
I <S333S88St8SSI8S<+3.+3 *881muuea3

(++.*8558S98*338S8*+*33 +s8$. *8
* ~88440488.

NOISE CLEAM

FSR- 0.4297

1.<8844IIX$~88........+.....Rz$ 8-4
I. .*'8$NUIXz*8 ... *88

.. ..... S+ *81KI 8,..A- .. 38*~j**I*88 <

I....... c8&6* U**s+. I....... 8sm ,
I .... S8IIIII*83 <- I . f* #$

1.......384K111888< ........ *m$8(

PROPAGATEDREUSO

FSRp- 0.0117

FSRr- 0.0232

StdDu 0.3245

C-8



SET 5 -300 pixel
TRAINING

18( +3**+S8NSSSS3S<+3333. (

1+. +*338SSIS38838+*+88**8 I+ 8 8 1111ss+
1 (+3*<+*S8388*888S+( .33Z**
13*3**838S$&885S3+<.*<++ I
1*+*+S83*8888SS3***8*****<
J*33+8*+888S888S883*3*38~3*.s$NIS
I (3*38++3+8883S888**3**+( (

1*8+*33*8SS888888933*333**I
138+33*SSS883888SS*SS*<3*3 ~5N*
1**.S8338888S6IS8* .88++S38 I*fh*8*
1<*38~38S8&$$&&888**3<+83* +38IhNNB+

NOI SE CLEAN4

FSR= 0.5510

j *+*8SSSS$SS8**+,,
I. +*8S*$$$8883++

. .3&$N5II$83. 4 8NN*83<.

. .38*mUhx*83. 1. *4*~ *as' ...38,ENI*883. .3c88$ ~*ass<

I--,*3S*NI**6888+<

I. +3+84488SS3**8.

PROPAGATED RECURSION

FSRp= 0.0112-

FSRr- 0.0941

StdD- 0.3183

C-9



S~r 6 - 300 pixel

TRAnmING,

3. 
88flNZN$88

15883*5s8a888
5 8++<* s4+c '

183,3i1888&&3$6&S3* . 38I 88$NIN$8s5
ls*+*s*&8~s~s8+<Z8I *88EEEm $83

i+.(8 B538s8&8S&38*+' 
I3* 88fl3*sS+

I-t+*3**8:53s1f88ss +<*83S8 
'*4UhNMt83

I* .*fc++SSS8&833+3+88 ENSNI*8+

j+.34S8*SS+*+* + ZS$1*8

I 3~ g~*S$*g8*&*8 .+83.
Z~za8888S8.*8S'

NOISECLEAN~

NOISEFSR- 0.5505

Is s s t s ....*$88..

I *s** 
I88- 88 40"Zoa*-S

333*04888..- 3,*884~IMS88.

1. sssuu**S8

+S~jM **88<.*. 55* 11N1sas

RECUR.SION~

?ROPAATEDFSRp- 0.0111

FSRT- 0.0213

StdD- 0.3241

C-10



TRAM=IN

188*3++<38*&I88*883****<++ 811*
13*3333+*38&*SS833**&83+*+ SIU'
1+*8*8833S8SS&&S333+*c+3 I
1<**,4 33S888S88388S33+<3+i
I< ...+333S88888*8883***c **+ 511*
J+4+t83+835S8&S*8635*+*+*3 'zz~s
188' +V*+$8ISSSS35+333. I+ss,11*6s+
1++. +*'333SSl833333+*+88a" Wa*tas.

NOISECLA

t*<*83&838*S3'3+4

I.<.+'8ssMt8&58'+.

..3#ZZ*$3, 4+888!*1*B863*
.38*N1I*,83. .+*Mf *U118<i

.. 38*1111*83. Z~88*21 1s~st

.380219113 S.
**~anus3....t*+35*11*$888+t

<j*408 ... S6868++ .

PROPAGATED RECURSION

FSrm 0.1204

StdD' 0.3179



SE 8 - 300 pixel
TRAINING

133.3+383<<38$8K1$888<*.*8
13S883. +.<&&*$ISSS8S*+3'< * S*IINI*s8
183+3<+*83&8*$8888'++383+ 38$*n11*$88

(S *<*3&&&8S8S988883+' 3*8* 38*wvzzxs*8

I '+. (83+33S88S888S8+<<3+3* I 38*U11188~
1.g+*3*88888188SS*<*< .83S 38Im as8*1 *8
1.+. c+8183f88*8S4.4(.+*88 +S&$uxMise8
13* .*3333*S83838<+*3+3+88 I +8$*111a*8

I +++ .3&888868$$8*.**++( *4* J S$w 3811 88+
1833<388&888*8S888<+'*83. 3$]Z $S.S*116
1$SSS88383381**888*3* .++3 I 884M1*883
1+***88SS838888+(*+**.+8*3  I 8***488+

NOISE
CLEAN

FSR- 0.5491

-.88MMN188* j (*884**18$S+

..8$$**Z1N1*88I ..89*4*20188 ..

88$**11*8S( .... +8SI8$***za*88

I. .. 388*11*1883. I.. S8*811*18S8..
+SB$ZRZ$Ss.(.8*W111*S8 ....

I -89MM*885.. .... 888$$ M SS3..

I 883*1**883... s11*.....

PROPAGATED

FSR.p= 0.0110 RECURSION

FSR r 0.0189

StdD- 0.3241

C-12



SET 9 - 300pixel
NCN~-TRAflNING

* ,S*+8S88&SS8SS88+< .8&++838 J *sasz1**88
j.**38SS8$8*8SSS*3**3.+S*+ I .86*111*883
1*33*8*88&888S83**33*c '8+'
13***8+3383SS33*83***3*8++ 33M1111r*8s+

I +'S*3+3388&3S88883*8S+88& +S8*1111*88

I+c**33+8*883S$8SS**38+*t3I 8wv8*
18*+33*<3S388SS88S3**3+3+* I +S8*1111*88

I ... 88++3*<*S338SS*(++c*<+ I c8ME111*8

1++3**+<+*8*8&&$8333+(<++ I 38$K111*88*
1++3+<+( *3888SS8S8*.*** 388*111*88

1*3*2***( <8S&8883SS*+3S33 I8ZZ $811884

1+3+**+<-<+8888S888838*3< * 38*Ez*a*88

NOISE

CLEAN

FSR- 0.5725

I .8S88S***8883.-.

I ..(88M*1118S'' .... .. +sas* 1****S'

..(88*$**1188+ I. .+S8***11$88(-

..3&S11111*88' *,3l58$11*$83*

I ... s.8*111**s.' <j*9*0S

... +SS11111*83<. .. ~S8111*S'

............ 88*1111*88* .. . IM$
S+58**11*3*c.... 86*11888''

I.. ..... c(88001883+ * 
+88*111*88+

PROPAGATED .RECURSION4

FSRP - 0.0491

FsRr- 0.0373

StdD- 0.3246

C-13



SET 10 - 300pixel
TPAINING

v

1**88-+88ss8s*83ss* .+83381 +Itts
13333<+*SSS&&*&8S*<*3* Isz s

f*83SS*5lZS*3*33 *8*I W*.
J888+.3N$*88883**483+*+++ *ME W*NN5
j*+(+8s888s8*ssss~38*ss<+*3s *8 '8*N*S

1+sc388.+BsB~s88se**8*3*38 *84 WSIN*
J**8S+* *388*888884+***g3 *8 W8INX8
1++8+.c+8S*8S888S;5 **3*3 ~ *8*x N,8*

k.33.8S8S*85++318 *801NmWa
I+*+ *(.*SZI$888873+*3$S*8 891
I **+** ... 3Z*S8&888+.a88(8S IS$M~s
<+*&++338#88$&888*sc8388S

NOISE

CLEAN

FSR- 0.6076

I (+Z*SS8*$388*s+.

.38*EnII*835. * . .5*N*
I *35$IN.I83... ..+SEN6~...

..$8*5NN*83.. I. .+*88*5ff15883+.
.* . .8 s' 8 * * 6 683'

PROPAGATED RECURSION

FSRV- 0.0132

YsRru 0.1126

StdDin 0.3182

C-14



SET 11 - 300pi.xel
NON-TPAININ

1 +i*38*888S*$$8SB$S83.8
1+3+8.+<3$SS38883..+8'. 188t*4xxss*
13S++8.1 S88S383SS83*.8(+ I383*19Z$88.
I' .S**c+8SSS*S8$#4S+88<834 $ B*1I83

lt.+3*.81S8*S&8S&*+*3<+.* 88$euzgeeS+
18*( *3++8S33&SS&88...+3+3<+ * 88)1M11s3
ft+.i88<33*8**383. .4(.*.+ 8*Z#8

1*3++383ý3838M8I **$((*83* I '84111183
1<*(+383*385888( ***÷+8+* .. I 8)118

NOISE I 348)**88a3

CLEAN

pSR=- 0,6475

I <*+*88888$8SS83+(. ____________

1. +++8S&*1**8883-i '+. ,*8S88)88838*,.

I ++88$Z11*83*..

I 1~ .88$nI8888( ..

-.1388)*4818*8+. j . 4 8*1)S8...
I . .38SSSS111*8c.

I .~ . . . .+*388*1184S' .. ..

PROPAGATED RECURSION

FSRp- 0.2215

FSR.r- 0.1580

StdDi. 0.3246

C-15



SEr 12 - 300pixel
NCN-TRAINING

J*.*88388S88838*383<.38.8 188*ZZZ*8S*
1. <88S38$88Z$88cs+. **3++ 38Iwss1.+ *3388M88 I,*3 +S8$NINR $83
1*+ 3 ... 3S8~888SS8S33<++<* j8NM~s

I3<4+*+8S88SS88S3c .+8+3+ 88#zgx s~*

13.+.++*.I8888*38883< +*((t UtIf $38III *S1*.<(3*S(888863****3~3~3. <88*IZII$88J*33++883.-38&8S888&8*33+3* 
j8$x$S

I<3*. .+3388***NgS38+*S8S8 I888$ZZ88s3

NCISE

CLEAN

.FSR7- 0.5226

* (+3*88*888SS3~3* (<.<+8S88$$8838*(.
... (3~3B*N**888Z+ .. I *.(3St8S

* +tSa*I*z88<+ I 8SZ$88..

I (-+~38&**I*ES3*+ ... .. c3*8***8&33<c...

I.- . .+8S8$$I*88c ** * I... .*88~84*N*IS83+....

1... +3*88888483*++++ 1 +*'558888S3*< c+. ..

PROPAGATED RECURSION

FSRp= 0.3873

FSR r- 0.4930

StdD- 0.31760

C-16



SF1 13 - 300pixel
TRAINING

I 38 *Sa*i88S8~3S8* S**38

13<< .++~38&88888S888++38++<. 1*$%w
18+38~3+<3388*8**SS3 ....*+. I*$ M 8
I13+38**<8389888 S~*(+33.( 1 +s*INN$S73
18 . '-i-.*33SSSZ8S83+8**8<* J+S*KjI*S83
IS +*3 ...88~388#88S**3*+838 I+SSXNII$3Z
IS *8~3+*+888.SS3.*S...++ I SsiZ~x$*a
13+<33<< +38*+SSS8~3*$<S .< Sszz*18S*

I 88*11985+
NOISE

CLEAN

FSR= 0.6285

S+8**Z1*88* ... 388*S8*+*8*Z*8 c(+Z8S**1*888~3*+
* *88 N1**8 I . *+88 $**1 ** $~3+ <

I 'S8$M1*8&3*<..

..38$IZEI*88. 
.*8*N1111*S88

.. **1111183 
.8911*

.. '+z*1Nsa*3+.

1. .. +S23S48*888333.c..
1. f+3+88888&883**(

PROPAGATEDREUSO

FS~p- 0.0127p FSRrm 0.1125

StdD- 0.3176

C-17



SL'r 14 - 300pixel
TRAININ~G

1*. '83++<+8S83Saaa3( 38.8
I. t883.*3S8*888388* **3H I +s3* M *as*
1-+ **8<*83S*8S888S3<**333 88*NIM*$88
1++ 3++ (<SS8*88~8888*.<+<* *S84NNMI883

1*4-*~ ...888$8*++* 88*NI$mSS
13<<3+*+8S&3S~8aSS*(.+8+3+ I38*ZM~n*83

1*.+.+*8S8888**S8<<. +*<<< 38IM8
1*--(83SS83a+<**33 *S8*IINI*88.

13+8&Sa3*<**+33+3* *a8 $zn*NI8s*
1(3*.<88M$$I**aa+.**.*S8S8 I 88*IMz*$88
1**+.3S8888SSS3 .... **3*+ 1 I ~ l*s

388*$$$gS*
NOI SE

CLEAN

FSR= 0.4597

... *s8*zIMI8*
.. .. SSI$III*88..~8*N8S

I. . 38,,ENNI)83 I. . .3S*$**I*88
<sa1. ..s .8SSS*NII8S*

1 .. 8U*IMx883. .. 
...W8

.+8S!NNII*88 ....

1.. .88*tM$88 .... ... 888 S+Sh*3.
... 38MMM.* I C<SS*NNN**S8... ..

PROPAGATED I.3S*SZ*$8* .. .........

FSR.p- 0.0109 RECURSION

FSRr= 0.0227

StdD- 0.32360

C-18



SE~T 15 - 300pixel

I 3S8388S$8$8$S*S883* '8338S
I B3S888$$S88B88$SSS8SS5Z5 8EN*8
1&3*3**8S888**$8a3+3+83*t 84XM

f. (3*3+88S8$&58888+83*.*+ I S842111 88.
I '3+38S8888S8&$&88858+. $3* I 36$IKUK*63
l+58+*3*S$8Z&K8**383,(<*83 4ss$KUmess<
1+3*+**3$SaS8&IE8SS+ .' *~I8
I*S3*3**$8&B88S8'c'S833 I.8NN*$
1*8&8+,3*( '3 BS&S<++3883 I*S8$IENZZ83
1**88*. .'s888$8&S+3S88S88 I 8*tIEhI88
18*+83*++8688S888838838S3 I +sa#zN$as*

NOISE

CLEANI

FSR~= 0.5718

I.<.S8*NNIN*$88.... .. I +s8$zNN**83 ....
.38$$NzhI~s* .... 1 3*ZH*~

... 88$NtNNI*83.I

I. .88O11111883 .. . I **83
* -<sei8K4Kz*8ss...

.... 'm88**$8s+,*

PROPAGATED RECURSION

FSRP= 0.0112

FSR r 0.0457

StdDin 0.3240



ST16 - 300pixel
NON-TPAINIG

i++8~38SSS8SlS*3S3*+c+8*+ I Saezz$S*
1333*(*88888333*+*8*, 3s8*111*s*

1*+*3 ':33SS8188**888 '8S+ ISwv +3azz 3
1**8+<*88:388S*388838( .+3. +3*1111*83
1+3+<++*8838$83818**33<+++ +8*111183
1*8++38*883S88&88<,.*3+< *3 $
183+c+*+88$84*188<tt333**3 *s J
J88*+**3588888833***8c ( *** ISwg +811 83
18' c++i 8383Zs38****S*+*83 IS~l +3118:313$*~*( 883S$S*3+*8++<* jSWR W111
I**<(+. *SS35383*.(S33 **+ (aZZSI c++++.8SS838S1838*+3333** 88*11*83+

NOISE
CLEAN

FSR= 0.6325

.((<88#Z*83I <+<+33888*88838*<.
I .'3<88$R11*583++ I. <<<+388*K**88S3*
I .'.*8$1*8$3<< I - '<858*11*$$83<

< <38*1111*83+. 4,..'8$MM*111183
.<8811111188c 8(

I .<8411111188. .*$$R1hI**88<

I. .888*11*1*83
I .'88*M$#ZZ$83c . f -c*SZ**83

I .<+(* ,1I*8$8 <. I. . .+3838&*8$S83+**c..

+++8S88&8t++iI +*S384886S:33++*.

RECURSION
PROPAGATEDFSs.052

FSRr- 0.1393

StdD- 0.31790

C-20



SET 17 - 300pixel
NON-TRAINING

I 3S83 ***3*S8SN*$8&888833&8 I 6e1*8

18SM ... +*3388*NI8SMS338 IS*INNIM*88+

1++**+ ++8s888aI8S3~S*8**+ ME $asNI *8
I c3+3+*3888S188SS383*.* I +38$111*88
1(*3+838.88.388$888$8+. *3* 8assxvusas

I+38+*3833*1888833*3c (**-83 3 *38*111$88
1+3*+*'3888888I*833+ .*<.+ 8$1 88*118+
I S3S3*83S888883*+<<*3533I +38*1111*83
1*888+S3333388*33+ ++3883 38$1111*83
1**3838**S18$888*+ <388888 1 88*111*83*
18*~+8S8888188333*+.+**8S3*J

NOISE
CLEAN

FSR= 0.4644

I .. +338**833*,+( I +<*83888*838*3+<.
1 . ... +3*SS11**$83+* ... I. .<+*83****8888*+
I .++88$*1111*8+< < ++888**I*8&**

I .*+88$*111*83+< .... * (88$***1883*,
I.......'38*1111183'. .. $*Ww I .exM te.

1. .+88$111153Z .. 1 .338*11*1*83'

3. ++88$1I**833*. I. .. +*88*1118883+<
I .c++88***83833 .... I +384$1**888*+

I.... <++**888$833388*.. i. .. +*$33*$$838*3*<..
1. c+*+3+386888388* .. I *3*888888883*c'

PROPAGATED RECURSION

FSRp"' 0.3970

Fsrr- 0.2807

stdD- 0.3242

C-21



SET' 18 - 3 0 0pixel

i33*88.+83*+<+8**88*.+8 *3 I
113+*888'*3883++8S+*++3+*3* 1 S3*
1*<3883+S*1&8<(c'3<<<83+*+ I *8S83+
1*+*+<381S8S8 ....+(3*88(++ 1 388828'
18<+*888*3S$3+3+*+***8*3* 3S88888+18***8838+38S828"33*<+*** 1 '8888,8+
133++8**38g3&33*"+ **3*+ I +88**#888.
1++c .3'S*398Z81888888+*+3S$ .8&#*#*8S3
1<+*+.83*8&Z888*:8S34(.388 38**Nxasev
13+4-'-S+38&&E888S8***4'888 1 '88Nzz,.s8

NOISE

CLEAN~

FSR- 0.8044

I. ....................... I
I1. .......+...............
j. . 38828' ............. 1*8+++..I..... 8228823 ... ...... 3+833S&g+,a..3288888'........ . I .+*88$S~S++..<+. ..

.. 28s8**8$s I *.+888*88* *<++
I ...ss8*8$*I$5 .. ... .34$8 . ..1.. ....'834043 .. . .. I*...*8*.844M<

I....... 84111 $ses......... <8M*XE*88+

PROPAGATED 
RECURSI"ON

FSRp- 0.0171

FSL1,- 0.2075

StdD.. 0.2473

C-22



SEr 19 - 300pixel
NON-TPAININ

I+... 83***4833834. 38'c8* +3
14.+**3*888388833+*++ 4S* <3(88~3,
1*+33+3<+<++383+<<33+..+8t *5555*

1+*+8<.*33t++**3 35SS3
13<<8**ctc888+3**S8*+358<83 I4858688'

84M488S

1<<+3,c<+< *388S33++++ +*+
18** .... +S888SZ8*4**s3 +5*1111$S+
18+* ... <.*858*8833*++3*-s- S*156S*69*I

NOISE CLEAIN

FsR= 0.8623

+I338$M*8S*++.. 4 .+84888****88 -

+888Z*ZZ*8 .. .. S888111**5.... ...

*...38,EN111*6. j ,s*S$$M$$83.
..+Sg11zM1*881 ,88$ZW11*85' ..-

I* *.s811NN1S8< *.(.85*EnW,*4 ~..
.4 ,111**8s*.... I........+SS5111,,84t~

.. 1 .... +3S841I*8S8,
I.. .4+38M*1883+,

R.ECURSION4
PROPAGATED

FSRp~- 0.3816

FSRrm 0.4435

0 StdD- 0.2549

C-23



SET 20 - 300pbcel

588+4.3*$835' 4 88 **+883a+++t

1*'388 438*+3'83SS388*35s 133
1554.8* tt8383335S353843*3 + 385S8
J+8+..+338t'4.&SS345S3*3*3 *838635
1 .3+3.t36l38**I*5638"888 1+8468833
14+ ( +*&&8S88*IS883&S**8 I 866883
I .g33++4+8G8s38s*$8s'838d8 I.8688834$a+
I +*4+'33'*48*8$&&53*83$8835 36860*9*8.
I ..''S888"*S3*8886*8S&63' I *66#II*83
1114*3 +6884888133*38*388 I+38*zl*s83
I 83++8388&&83&8686888*38+* 88*NNM 088

NOISECLA

FSR- 1.1402

I tc.+484XlU*lM8+3

~s~*fl8I ..3S6111$**S8t .
*c3&*M1ZI6+'c.. I .... 38ESK1=S+4. ..
t3&*111*4S+- I * .+4. =*38111.81

* .8$1***~ . .saozuusa*s'
I .483S8419*38"''

*...+38866408383++. I *..38838***233c++4
..+4*8288*6683++ *348888S68*e+t+

-p~opAGATE RECU3RSIONi

rpv 1. 5568

vsu,- 1.6853

StdD- 0.2473

C-24



S~r 1 - ABSOW1"
C.4.2..!400-pixel images 400 -pixel

1+3+*.38*888 *$N:8#+ 3S86:8

I 3833+ (38++33' 866*383 +36*8863;
I3+83'' '+*33**8683"' 884*8*6+
1333383+.68+8S3688SS8 I36*81*88
1 -.3363.++t3688368*8 +6*111*63
1. +3S38+3*3&SS13333c + 8680M163
I +3*338+386*3&36++*+8 L 38*111*63
1*3*8&8.*&*8833888+881 jS& M

I (***8888&&336f4**+ I C '312=13S.
I 6S8*3*+6638S&&63S3+ I I36*111*63

I '++388SMS816888. '3381 1 34$X11*6+
I +*88 ...363*6e83. '3'61 8 841*8U3
1 33883S*3$S*&Sg+&*+s I +384*868
I'33!"*tS3$Se33+<< +811 36448S3+
1318.'33*8++'6"*.. * I 8686888
1S8343S3S**33t+** *+31 1 .868S33
18+*46$SSS++ 3S331 I 83133

NOISENOISELESS
FSRw 0.8168

0 StdD- 0.07-50

1+' **'83366863S8*+'*
4+*'**'383668S36333++.

1* ...++336*844683333t.

I '3333S8$&8$68SS3+*+4
1+38*36666*166S333""
I '38833566*$3*$38"**4
1 +38836648610*88S33+.;
1 3+*3386**668*3833+' 'i
1 333*8W*6***8583*+, +1
I 3'8883868*863&38*3++j
I +3*83666*$o633383*++t
I '3331616666668333+t (
I '83S6*S***1l3633++,' c
I ++868*666*486833*' sj
I 3338$666@$61338*+' .+
1+3888336666S383 *4++
I'*833333)$68633++¶t'A

FSR- 1.2057

C-25



SE'r I - RELATIVE SCALE
400-Nodes- non-training

13*3SS8*+÷+.**'553+*+3*8c8S 1 3&1.+++83+t88 .f+86'c343..t' 1 358198+j ('(8.8*8S88c83538+3*++.a3 I +S5868+8IS8&*338&S43$t8.,*88++t*Z+ 1 888*888I3S'5+6s388,8.<< 883St+*3 1 384*0*83I333SX5688&4<88S<38388&838t 
+88,1085+i +*88+3388S35*g' '6S++*S383 I 88*1*O88

18*8S38+3388'48** **~8*+. I '336'
I8'8I38+33*S3g8&8$<s8's+.<3 1 8*11*8M$3
I +*13"3*88883&8S*1813*<33 I63111*3.I .S8S88S$48$8S8$S&*3+*4v+ I 6*&OMM*88((<*3+... 3$188288S3+*St*33 I 88*111*3,1+<+, **383338&883$38.838* 4 '3811*643

I . + ( ~ ' ( ( 3 8 8 8 S 1 1 * 3 + * +3 8 1 1 * 6 5i(*S+ 3 t. 381888**168*3<. 1868*488'
Noisy

Noise-Free
FSRft 0.9151

..'3338888133'. .......

.... <..338833*+'' ...

.+*3S688$83-e-.. It. .. 38*11188.683,+.

I ... '.'~5S****889.$. I......

..+5**1U56( . I'"''.t.338S*4&&3333
*.+36*511188. I. ...... 388+3.
* * '3661111*5' lst Recursion

..''386665SI'. I 88SU*St

PROPAGATED es uxs.

FSR- 0.6340 zux .
stdD- 0.2911 s'3s*o1111...+

.36M$46

C-2 2d ecenur~sion



SET 2 -ABsoLUrE

400 pixel

1 <+338*636*833*** +<[___________S1 *<*88S3S&8863$+****[ , 88.6838633
,1+<<.*3836866338'8+8*< 3838***63'
.*1 ++**866686*63333' * (I +930*488*88
-1*3 363868$S*18*83+<! 3**O

*J 33*555555353~ ' I 86*811*683
II 84338*8$3683883' ++. +; *ss*uua~s'
!11<383*8883861838+3*<8! I '38*1111*8.
!13338S8*88866*888*3*31 I36*11151*3
*1+3S3388631*888S833*+I +38*1111*83'
-18838S83'*83883388+' .1 38*11111*83
;1 838+38388**M8S3338' 81 1 '36*111*63+
;1 * '3838883388388833+1 38*IIIIX*83
*1 c8+33S3883*3'3*8338 ci .86*Z111*63'
Ij *8*33883838388838* (31 S1$K~s
ij 38888'3S86386B3333+. .1 386*11*888
I 3*3*8333388883+33*< (( j 88*44*48*
Ii +33838383833+6383*"* *Sf jI$
11+38338333833833+< .< .1 3S884888
II888S3338838388,c+3*. 1 3388668

NOISE NOISELES

FSR= 0.5339NOSLS

StdD= 0.0453

1*3+3*SS3S18+'868833'.

I 33*3&86868388883883+
I S3338886836833*38*++
18+3883388866388* 8t
13*3335331*88838++ *35
I <*33488888383883**8
I '+3S33838668*133+' +
I +3*388386*13888*+c '3
1*3*58S3'3*1888*58'34
I' .+338+*38368*6848+*'
1+' 3*38333868881183'
1538" '+83338*386883
13*( * 8+3358861*35883
-*1 ++388*3*3*8$*3885888
Ij +*33++c+*,8M88*86838*
)I 3333**c 83s3$3*18183
I, '33**.3"3358333331S
I I338'3+3+.. '3833833'S
113834 '3838388483363
I I3+*4+33*8±±±.O$&+S PROPAGATED

FSR- 1.2319

C-27



SET 2-REAIES.E
400-Nodes, non-training

3S388868
13+83*<.......8**58&88S83*.38 MUM886+
1.++<*< <+ +3$1188S38-..'*S4*8
k +43 +.<*++*$8**s888++.3* +;::U::634
I 838+*tt*-+*6383S&883c .+8+ 88**I**85'1*8*8+3+4+t88*8S3*85S~++** 348#E11188.
1*388S33++3+S3*Sa8se3S3*3<3 +36*111*863
1++38* 88*835*88&$$3.I.883* 8801111$838
4t+<3+*+536**6S888+. (3*88 $8 $5111*3
13*3838+33S338858S8+*+++*8 88 8511*83+
1+*S*S++883S8S8**33+t+.C 3 81118
1++8c383S53588&88838*+<*3 *1.*e
I .8333f33*83SS&88+*c+<<+ 1 *88*1111*3
I (4+*(+Z818*85333**++3<++3 88*111*8
1+(<. 85*88&8583' (*85+3*3+ I +38*111$$*8
44*(8f 8888588S8+8S83*+8+ 1 388*11*883
li +8++838838535c *383S3*~3.

Noisy NOISELESS

FSR- 0.4856.. 
+8S&3888StdD= 0.3059 I..4+855888*88588+

......+8*1111*$8553.<.

____________________ _ M. . 81 11 *8 3<.-. .<
+*38&888838*"+ . 14 .3*11111$1833.

..... . *8S88883+3+4.I . .8111111*8 ...

* . +88$11*88**< 5,11*5
.(*$**11*83(. I .. 855 1*8+4+

3. . (85*111*8+. I.... 3338&86*85+.(+c
I.. .+38111x8S+. ... +385853.

<.488111188. .. '858585&858' *4.....
.< 8**11*$88...

.(<388**$*&*8'.... 1st Recursion
++3S$**Z*8S* .....

PROPAGATED 1. .. 5n1*58
I .. 88S1118588 <.4

FSR= 0.3262 1. . .38111111**3+ .<
14 . .3*111111183.

StdD= 0.3133 1 ... *111*.

.1. 81111111*63cc4.4.

1+ . .+33&8SS$353. .43
I...+3&8833833. .........

2nd Recuirsion

C-28



Snr 3 - ABSOLUM
400 -pixel

,:5s3*38*3*++883883881
jS3338" *3+438*8888558 I

j3+3* (++**88*88838881
j3*333*+. 8 33 s4&8s4$S&I 

38*N81

I 1.5* 55'+3381SS58*$S8I 
1 .88$fU8l

1. .,8833+I353$&*S8Z*+1'~ 
.1 5585I55*8S(!

I +3*333+3S&538*5 38831 .1 4&w~s

1+' *838++8$*$&$s855858J

I* +8*8+38$88*$s5s+*1 
.1 38*NNNU443

1+' ***3383$8838$888+ I 1it 3841fl11*83

--- *1 Itt & W $

I33+.* 83s8f8&888183+'

1*++33S88s~z3I8 *(*3II 
*8*1111*88

I ,+**+38s$8*s88ss<+3' 
asi*

1 *,38S8&848$8*+8*+81+344*8

I .33*8*88 68S588+~ ' .. +iiess
I 383' 38*833883+. ' * .+1 

I' 38888883

1883458838488~ . '4.+l 

888883W3

13<++38$S$8S+ '8" 1 +83s8883.

NOISY 
NOISELESS

FSR= 0.4773

StdD -0.0952

j+' 3+388S&*&SS* 
3+

I' ,,+SSS$SSS8
3 35 +

I Z+88'388jL688'3+

I' 38*6385&s883+5 
S

1I33888568811*8885 3
I t38Z4,3558888S8+

13+8888,8*5s*8888+

13+.88888S8&$S88*85+

i+S5636663838. 
+4

I 353338g8g858583++

pRopAGATED

FSRU 1. 1427

C-29



SET 3 - EEATMV
400-Nodes, Training Set

t+8+S8S3838*083S8+33+3*+38 I 3883

1**+S8S3388*3*588++*3* *8 '3883

I+*t*3S~l38*88888'+** .. *
1*338*88689S8*3 +8'*3*+.5*.88*88
I33+388S5388*88..833**tjS .88*11*888

IS585S*#833383SS+33*883++ aanxss

gs*33*3&S&8&88*8*33+*"838' 8511

13+3t*88888$3$**538' .++83*
I**83S38$8&888*8883**3*+*S 

*6* 88*111*3

I '3833388S8S5881*8+'3+<' I '8,11111*
I<**+*383&M338888883**3*S 

*I 8811183+

1 +3$33338$S*Z886183++3<4+3 
8*w$S

f ...+++4+( 8 SS$**** e*xzxsBS4
I+<+.. '8SS&88*38838***33 

844 M38 $S1*8

11+8++83* 3888*18*883c+**. 
+388*11188.

I**8+4*+"*c'38888**888833' 
383$ze$&8

Noisy NieFe

FSR= 0.4693 
NieFe

StdD =0.3059_____

.4w88S88*i.. +s*W sSM8...

i*8SUSSI ... +88*****8S*.

I. 38838**1*8+. 4

I..I <*58*11*888.

I..(.88 $4 88$3<3 ... 4*3 **448888 . .. .

I *338483308+'..**I ae *8"

I. '5S8888... ... +'88*****888+
I.. .+88$8$$*$88

I. .388888U88+.. .. .. .3...*1*88$z= 888+

.,4888****888

* *3g~*7~8+. st Recursion

PROPAGATED j+8*88

I.388****8S.

.FSR- 0.2225 1 +88*****8+.

StdD - 0.3133 I .8$****883' *

1 .3881#*#SS833'...

S'S888**8838+(

9.....+8S4118*348+

I. ... .388*111888+

2nd Recursion

C-30



-1 SETw 5 - ABSOLUTE TRAINING SET
400 -pixel

i6*(*++*S833883,+ + +s~s*sms+I

S j*+ s*38~33SSSS+*-.3 s*$s
I.8(43833SS*3 4+**31 388*$$883

1*3* S88S388*+ *+3*+38148
1-H- 3+883388883 43' I 8*84M88 I

1+++8Zi&&$88883 ...38  I 88*111*881
13+.(+S38&8883883383++ I 88$111*88I
1.+( (8883089$8*38~3*+ 38*111*3I

1+33c888883$S83*<** I 38*888
j+*++*S338S&8388 <.**, iaRz*m I

I"< *3588$S*58-.**+81. satiMess
I(*.38S3338SS+3+3.I..81 1 88M15188I

j++S888SS,8+*(tI 88*151*688
1*3*8*4*3&*883++. -+ 88*111*88
1*3+**S&8ssS3388**+*+I 38SM4*831

I++<83388833SS8*+833<1 1 388*8883

1*++3*8$S88S&S**++*+*l +S38*38s+I
1&+S<+*8S*3*,(-3 .86888388.1

NOISE NOISELESS

FSR-- 0.5392

StdD = 0.0800

1. +++338888883**+<
i (<*888833S83**'...

1. g+388S8SSSS3***+4
i . (+*3SS84MSS83**+g
... **38SMSS883s"'1
I+*+*8888888883*+<.;

I (++'83*8&*$*S8+++..<.
1++*338S&**&888*3*+.+
I +3' '33388&8&83*g'+<
I+'338388**8$$83**+.,C

1**3888888*8S83**c++

I "3888881138V ... c<
I "33838**18883++(+.
I '3383388*&8838' (c+,4.(p I in38S3$8888383 (.t+

PROPAGATED

FSR- 0.2586

C-3 1



SET 5 - RELATIVE
400 - NODES, TRAININ~G rSET

j:333~+*"385SS3*+*&83+'+< I883
8*8833888IS8S3**+<+~34< 1

j '**<*3S88185 833~3+<3+<+ 1 88*44$88
1 ..53S38&$8iB**(1+ .18*NN*8s.

1<+<8Z4-8388f8U8SS*+*+'*3'+ tIt as
184 +3**+S8ISSSS+3333. I +35UU8s+
[+. .i.338S1338838+*+88**8 *4 'a $xz *e
I (+3*<+*818388*8$$8+<.33*** *a*iiea
135'***838S8M8&883+' .*<++4 *8
1*+*+S83*88$888S3"'8***** *8 $axia*
I '33+8*+888a85S8835'3'383*. I'3 s *ua*
I <3*38++3+898SS888**3**+<4 *f *8
I '8+*33*8SS8888888&33'Z333" *8 'nu*&*
138t*333*'SS$838&8SS'5SS*(3*3 *8 I
I **+S83388888&I88* .8$++S~38 Is aiSfNsS+1(388$*&$8*3+3 484ssRuas<

NOISE NOI SELESS
FSR -0.7000
StdD =0.3093

I.......3888881S3 ..... NU*53 4

I .... 888.... .4 *3S* I 8533*.+

I . ..38*Z8*#88 JI-(-88*8*3

.PROPAGATED' +8'Z$8+

I.~*8R 43+(I#8~3

.35EII8S~ $a.

I... . .'**I~ss'.2nds RECURSION

I . ~ _ _ _ _ _ _ _ _ _ _ __C- 3 2_



SET 6 -ABSOLUTE 
Training Set

400-pixel

Iv.3++.3883*8*31188 8 .. Iai1*8
j!t*3*3&*3SS88353+. . M88* IE*3

pS3338**88888&*8883*++. .38*uIEIN8 I
113+*33*883383*883<<++. I (3$III*

pI3*33338**833388++**8;
Il <+83$88S$38S3+*3* 81 I 38*uNII*8
II.+8&S8388&88883*c<<-+j 34S3111*83
1'+*33888888888** .+*31 I assuZNES38.
I +*88&88883883+8+*+3~8I *88*j3U*ss
I* 38383888&883833*+*i 880KII*883

1++SS888S8<338*+ I+S80**4*88,
I 3888SS88833+I3+*33+<
11338S388S833*S33(+3+* I3**6
II 338S8&888+S*33* (**31 I1(88848883:

ii +33888333' 3382**(+33S! 14~8aaaS38

II .88S383+*58+8S8+8*+8. 1+85&S8

j118388+8*+33**3.. +5 18+893

11883+8*8+.<+8++.<.(.+ 1+,38S83<'
IIS8<*38*333~3.++<.*2+2 1+:333*.

113<+<+3**3++< .*8*2 .

NOISENOISELESS

FSR 0.5756

StdD = 0.0763

I +*3838888*83333+(('
1,3*388S38*8&S*88*3**
I +' 33838*N8*8883*33,c
13 3*888885m38338++.
1**+83S88*$1883*38*+.
I *3833858*$~**&S3+*<4
I 383838****8888'+*+*

1 3380SSAMEMSS88838*3
1*383881*E888888+++
I 38&333*N*88S88S83*<*
I 3S3388*8*88S33*3<3'
I 338833**88883&3838*<
1**38S83888*388*8*+*+
J*8333&88*&8888888*< *
I *3&83888838388*:5*+..
S3&8U8838888&38S* **3
1833833868888333*8*** I

l*SS833338883338tt (4 )

0 PROPAGATED

FSR - 0.7304

C-33



SET 6 - RELATIVE
400-Nodes, Training Set

I 3388S88858S8*838*S388+,+8 'sss
1338868*33863+. S++ 8388C3**S

J338S&338&S<S'+*8&* .8*8 1 8844**888

13.3*S*8835$**&S8<8*4*.*8+1 ss]$*

15883*SS8*&&&S8++<**+3<<< 88 06iiU8
J83( 3*8&&838*$S3* ... 38*++ 1 *38*NNI*&3
lS*(+*SI*88S4SS3S83+<3*8** 88*EI3I*83
1+. (53338S8&2S338*+( '3+3*+ 8ED$3
I c+*3**8533IIfSS3V++<.*83S8 83*a*zzS+

j* .**<<++S*SS8$8833M+3+888 880 MS* $3*S+
1++.33+<+S838*8S3S3+<*+* + +35*NUI*53

133** c388W$88833+833.. I3880994388.
lS555+. *3.5$**Z*E$I$8 . ++3+ 885*4II*8SS
3** ... 35555888S8.+8*3* +S34408853

NOISY NOISELESS

FSR 0.6237

StdD =0.3057 * 5*N53

1. .+838388*8* ... I +35*111*88* ...

I~~~~.8 R83 ..38**5.. . ..3*1*5+

I.*888*10*,88... ... 3&* aa **4aa8 <

i ...858*****88 . ... (384N1**5358

.......... 358*RECURSION

PROPAGATED*,5 I.. *4+*33S1I8S

FSR- .164 3W+851**53

.355***S85+. 1* RECUS3N

I. . . .. +566***658.

I +3864=358,t

1.n RECURSION

FSR =0.164 I 355C-364



SET -7 ABSOLUTE

400-ixelTraining Set

I (.<<08S884833 (+**3 I 8$*11*$88
1*3< 388S883" .+3*+ 1 88*11*8
1++ 3+5888883M. <3*c Ss*111*s$
I ... 888MM88 ... +383 s8*111*ai
113+.i+S38$888583383++ I 18*IIag

L1+c '888*888833+388*xuss

11+334*4848*SS83*c** 88*11*88
II+*++*S3*$SSSS8< . 88*111*88

*I38585#8*88..***8 1 38#*I**83
II '.3883888S+S**3+.8 J6 3884**883

11*3."*3588858888**+*+1 .8488888.
l1+<88+33333888*+833< 3588853
.1I 383S88S8$*++<<.++ .1 58885*
iH*++8*3883388*+*++*+* *1 8s558c

lI8'8'.38c+3it. *888*

NOISY 
33

NOISELESS

FSR -0.5805

StdD -O.0766-

I. *+338S88583**+,
"'.*88855S83**+++,

( 4 '*3858&8888*.**4

if"+**8S&*W*S83+...+<

1+3' '3858$8888853' +i

(+"38388**88g3's,+4+

I "'88SM888@80868s'a.

PROPAGATED

FSR -0.4234

C-35



SET 7 - RELATIVE
400-Node, Training Set

1*8 <++8++88S83M48<t34.+*4 3486#883
138÷ *< 3*333U848*8383333*+ I8a44**880

I 333S3+883SME882 ..+. **3 I 88f###88
J((*38***8848Asf3*6*s*3*** 1 9Se1uees+
IS*,+*3~3*8SM8A86*88*+ <**3 *O~
1<+*+333*888S388I6'+< . '8 1 *$*uNJ5s
1+*+3++. .*8458563S*c *+44+3
18S*Z++i38*S86&*883****c++ S*IN813*333+':388.SS833**m83+*+ I8Eue
I+*8*8833S8SS8S3533+*<+3c 'eug,

(<** *~3S358Z8.388SS33+<3,+4
I c+++S33S88S88*8l,33*s* *<**
1+<+<83+833S8S8#86S*+*+*3< +26xz m S+188< +3**+I8ISSZZ3S<+3333. I+Ss~jussa+
1++. +*333SS1833333+*+88** I20ss

NOISY NOISE-FREE

FSR = 0.5422
stdD -0.3040

1,..<38*3888*a888.<...

8884N4868*(( ....

I. ..*8*Egz*83..3.I**8,
-...3884Zui*. 3 . IIS+

o* 85111*53..* 
. .+84MI*S68**.

S~c3884104038+

PROPAGATED ... * e888s+4+ ..<
FSR -'0.2075 .355Z*8U83+<.

StdD =0.4075 '335 INII*58+..

* .+88*NUI *S3*

* .38*INXN*6+..4

.85$NNI*8S+.
***.86UZ*$S883

q+S8~*#8S88

C-36



SET 8 -ABSOLUTE Training Set
400-pixel

j*8833**&$Z8+88*853 I '8*1183

,338&$Sag&*e833333383* 1 34 03*1188.

j&223338$*8$*8388**+' I +38*xiII,83

I8388* 3&S$3I88*33'* 1 38*11131*83$

18338631488813883 38* 111 831
1 4*~38188M88* 3 3S I~*811*3

1*3*8888388*8888+ +381 *sss*3~ss* I

j*3338S3333*1888*88*8$1 3880144888
1* +S33338*$*8$j8&3*31 '88$****8S+ 1

j+,33383SS$8883*38+ * '38*0*$833
1&882$323*S838883~8+ 3S38$3883 I

t88*338+38888Z188Z$31'1 33888888'

j*+*388*3*+$8$$88S881 .8388858+1
1+*3* ... 34s&883888S81 4338838+

I33382***8S*81888S33$ I(38S83+

1.3833<8**38338888'38' 1*3333+

18S8,3*3+<4+S+*+***+* 2+

133S8<38338888'**8*
118+*<+3338+++ .3333 I OSLS

NOISE ISES

FSR -0.6351

StdD = 0.0763

++3S888381838*3* +<
.* '38888888&8&+*3'*

:+<'++883M8&88*88++83 ',

13388338888*83S33*3'
1+3 883&8880888833+.,
f 33S83'88888188883++'+
I333838888883&S883'+*84
I 3833833881S8$3&33+82

I S338383888&88*88333'
I 38881*88S3$S83833+.,j
I 333*833S8883883338+"
1838838888883*83388 '*'8
I 3833838888388383333+

1 8&838338S33888433+..

PROPAGATED

FSR - 0.8975

C-37



SET 8 - RELATIVE
400-Node, Training Set

1+33*8+3<++*318$8681*18+.+ I*sae8sa*s
I+***+('+* <+3516sEs*+." I +8118*4868+
)t3*3*3+.+*3S84S53MS* .3* 18&88*8*88
4*43.33" i.8&3&S8318B*+S3 34W63888 83
J*3.3<*3*43&$3**&3$34*.*3 IS4mss
1*8333.*< SS3SS83553++'(c4 88*1111*88
1+8*t34+*3ZS&$&44&S*'4*3*+ 34MU1111*8
138' 4"S&6&381S8&8&3+t3+3+ 58*1115*88
I '+. 334*3835SS&S383' ((343* I38#*ENi1188l
f* c+'3+38335*3&SS*4+4 *335 +16*1111*6
I +. <+8*83118888< <<.-I-81 I 3811118
1'4 ***33*168338<+4+*"88 1 +1881111*88
J++4.3S83368$88".-+++<+" I 38*1111*81+
13**<383S1$84883<<c++3*3. 1 .88$111#883
)S8838838&*$*88883**+ .++i3 I SO 8
1++*433883*SSS8+4+4++.+8' I 388**8*85+

NOISE NOISELESS

PSR -0.5860
StdD -0.3057 ______________

I c...5118****88*3
4. . .+866111*8S833

.. ... *s38686W I... '.'3*1111*61

I............+86888688* IBu S
I............8s6884$648' ( ..38s11111883

.. 388**3.. ... . .88411$808. ..4$S3
.. .. .. +s4***,881. -. .8111111883..

.888*4*08*8'.. 1 .8111*8 M..

I ....3688***683 ... .811111188 <.(*

. .... . 836 8 * 0 8* 6 3 .,c. .8 1 1 1 * * *6 +

I * +58*181*868c .''38*U5
.36*14*1*865 < .. 338881*eIM .'<
.+3-8*43068 * 1 .388<3*$888'$S.c.

j*.35808*8185. 1+ ...'18*84&&33........

l...56***865.. st PROPAGATION

CLEANi 1+ +.*'56866***5885'

FSR =0. 1598 4..&4&*81115*83'

StdD -0.3152 ..... *.+68s 11*468
I . .8S*11101*6S3 '.

1. .*.'51111**53+.. .

.3*111111885.

Oszo.$8.

1+ ..,38B635868*...+3
...+584818881.. .*+..

2nd PROP'AGATION4
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SET 9 -ABSOLUTE 
Training Set

400-pixel

438563+

.i*3t 43*+.*8+*<*8S3+i 
.8566658+

t++ 3+s3+.c3588*+3S3<I 
35S&&a&8(

I ...838**33S8888855*J 
33886588S3

I .+,c (83*8838*58&S8+*1 
455*444485+

1*3S+t8838&3*X483+''I 
I801*&

;f+33<*8$SS5SSS3S38'+ 
*liU5

It *33S35S*3I6"*3'+j 
sEflI

I I*. 3 5838&8 5'588 5+. 4 ' 
453 151 465

jI++45*838S8S<8833 ..', 
4 sassmo&13

1I*3*88+3*3448883+. t. 3a$ZfVM$63

j1*3+3S&&5&SS383558+*t+Som1S
i++cS&SSSS33SSS*+

8334,553315

I I S38&&l$8&3++<<.++ I~~3*5
ij s+35S$S5858+*'+*< I ss*S

NOTS 
NOISELESS

FSR -0. 5684

StdD = 0.0771

Is ~+'33 33338+33+.
1 . .++38388388333+*c+
I' .3+38888838S83**"+.
I ('+'43884S88S$33*++
I +33+*'88555555383' '+.

1 *~8355556S553**"
.1 ... 38245555SS'833i.
.1*3**38&655555538*+,+
J1+33**58555s~S*3*+''
4j+3838X&485555S33s3At
4g3++ '8&&s5555553~33'+
k 3*3388#6**5188833' +.

Jj 3ss88S**&8&&'3*+ c+

Ije*3355555556553'++"'

ll+33SS51*S5#83+3 ...+

k*838885555SS583s+' '++

PROPAGATED

FSR - 0.6248
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SET 9 - RELATIVE
400-Node, Training Set

I t358488S+3S83*++'*'* 4+' ( 1 '28s88813

1334.*8&S3&58+*3+*8+SS+' '+3 1 348800081.
)".838S68SS5SS&8' *8&++838 '180110088
"1*38S88*0&0SSS*3**3-+S*I .880110S&3
1*33*8*88&88S823*"33" c8+' 811182

1+' 2,3+3388 83S88883*8S+888 3801111188

J~*3+8&3&SS*8*3 +2801118

18*+33<3838&88(S8*3+Z1* 
88

1+ 43***+ t .'8*888S M333 + ' (4+ 38011110a5'

1++3+<+< *3f583&88*'.""34 
as

5 '3 ""'* t8S&88883S 2'+3S33 388s 0 088 3

1+ +* + 4 8&88S388838*B
3 4< NO SETs sm t

NOISYNOSLS

FSR = 0.6028

StdD - 0.3060 .+0102

+88001008+.
1.."3888M23 '801111088&

1.. '28808833'

1 .33808088 . M882'

f....S88001083.* '8811100888+..
1. . '3 8 0 0 1 1 0 8 2 .. . .1. 8 8 0 1 1 10 8 8 S3 + , .

... .. 28 000 1 88' . ... I + 2080z o* 8asg'.

I...ZZ *8 ( .....38 0 1 1 8 ... *..88fl U08888+1
I& * 3= & ... 801 1 8 . ..(..+8S j811800S*

I ...3 8$ 0111088' . , . 888jj$* 1og&+

.. . .38801*118 '.. (. tPOAGT~ j

PROPAGATED I+8102

FSR - 0. 1531I '31183
StdD =0.3141 1 .1*810083.

1. 38$111083..3

I . 881110a818'.

'8183I108828.
I......3880100881:

If . 'I'38811118+..

2nd PROPAGATION
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SET 10 -ABSOLUTE400-pixel

1*3*.333$SSS8838383.. 1 I8

18+*8*<38SS88++**.<+*I sf*
13*38333+*$8$838++*8 3366633
I "*333868338S*+383*8 1 .8866668.
14*8S3S3M4&&68$&++''+ I +366*663+
1+3*8338W$**S8* .*+3 1 I**s
J+3*S3&883**688+**88 1 368044863
1* +8*&63336*668833+3 1 344414#63
I+g3*336*&&s38s8883+ 1 88*111*88
lSS8+*33*&83633383*+ I 86*M*3168
133***&83,s*4$$&+S3*3 I 88*11*688
1*++38&56&S1666*c+338 I S436*311*
14s3*+88388*3&83(+33S I 38*311*83
I 3*33S3844$*4*8+8*+8 I 38*311*63

138<8* 38S*88<4.4.* I 36*311*63
4SS3.36866*6838+<.3+* I 86*11*688
'I3++(+SSSSSS8++3S*3 I 88.511*88

NOISY
NOISELESS

FS 0.5935
StdD = 067

I .+*384f6&8663*3+. ((I
I *<3383368&6888+++ (+l
I (.(+888$6166338*..++
"l*3*34S66**66'8*3(4.5
1+*+386S8**#I638**3*
I '3*+*348**$&&83'+<..
I '3+38M4$8l8NseSe+<c
1(333'6*6118Z838S3*. *
1*33S663*$$8*688833+*'
I-.333S33****33883v.<
I *8888361166863383<4+
1*883866*M*8S*636'3'3 8
I 38388668&*66&88383'+ *
14*+3336&88$*3*338*"*I
133*83&*&*&&$38883*. 'l
1*8888386**8636888++t
j**83386**$s388+*+*'.;
J*8888863S*388S33"+,c
1*88383366668*"3.tt
138338336386888.-ct .+

PROPAGATED

FSR -0.4070
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SET 10 - RELATIVE
400-Node, NON-TRAINING

i_++_+'38<*8*888888*'. ...+33 f '81661'
1**+*88853**58188883388**+ 1356888S3
1&8*86' .+84SSS&S8+*S333... 33886813
1383'. c'3S*S8S333388*8++*81 .818888848.
1* '88. +885385*&838* .+8338S t843**eaa
13333(+*S38&',c33388*88' 8 "*" I saea
I '863+38$***51133'+3+*3*3* +sss,**as+
1888+. 3818*88683'**483+*.. +++*Ss
I '+<+8&88818*SS31333'33'*3S 3***
1+*<388.+5&888883388"83*38 *38****83'
"1*81+' *383&8*8888+***3* *18****83'
1++8+.'+83*8388833 **3**3 *SSe,,.as*
Ic .3+3. 61816*S881+*+3&888i
I+*+ *<..I*S 33S88883+*38S38 +888**883+
"!*+* ...3Z*388888+.88S8<S 1+888*48888+
!4+*8++338*8888883*<*8S88S

NOISY NOISELESS

FSR 0.8010

StdD =0.3333

"-- *9 '+'888$888<++,.

l.... +++c888*8883++'cc..
l..(<<.**3888*1.( c.+'+88*I1*88<<'c.(
...~~ ~ ~ ~ *~-**,38*+ (.(S8*N1** 883,+.c.c...
"+`"*SSS83+(i .''SZMuZZ*S8<..

... '' <<'+ '38 888 S 3+ +( .. .. ' +8 1111**$83+ .(' .

I ... +88&488833+<~ ..(+81*Zm883c .

(+++8;$=;l853+ ..... I.... .. 3888**883(+,.
J..c''3S8818S*8...3 ..

.**S88... $S.. ++8M8888s3.<+<..
-I 4 *~38z**g~jS3, .c.3~s8~~

I..**8881=*N8s8.. 1st: RECURSION
I'. .."8881I1883' ......

PROPAGATED +**188..

FSR =0.3096 1 .."*Ixx*Jf *88*,( ..

StdD =0.3103j 
. +*1183.

.+1*KIUZ88.

i 8*811111813 ...
I .. . .88111*883+.

S'.t38861**838',

1 -.' 8388$*81'.3*
....'.. +3388888+*3*

2nd RECURSION

C-42



SET 11 -ABSOLUTE

400-pixel

i83S3+3IS3+.*3 . .3Sg. If +8S8S3,c
I*3+&3353<<33+-I t3*<i 11 +835883S8.
1*33884$S33V .... 358* 11,88883403
13383S383838(++*3383++j 138885
1. 88+348888+383833*+31 3384*48V*3
I*8*881*881*SS*8*8c < I .i3****&8<

I~** +38888+8 I 801*88I 3I+'3 83 883$8588++ * * ., 1 *
1( .38 8883 3*S813. I. -<4 1 5 1*88$..$
I4* . 3183855+83+3+-t. '81 35*111163
I++4&8S38&8$<83**. .dI +38*1111*83
1*3888+3*38*8S83+. .+I 36*11111*3
I*3+*33&S3$&S&$8*83+*+t I 58< 111*85+
I1++c8338888888133833(j 1 38*1111*83
if 38388*88*3883+. ++1 .88*1111*8
tI* ++383&8383388833*c 81 *38*1188

IjJ+88(' +833383*+.8, 388*115*488

NOIS N OISELESS
FSR =0.5690

StdD = 0.0771

1. ++*33833883*3It+

1-...+*383388S38+3<+3+
It ++338SSSS883+**++

I388338*888$S8338+..

I **3383*888888333*8+
I,+**38&88*s*8**83,(* +

8I*383888&*88888*88.
I+3*33398*8886&***..*
I338Z*8**&&8883.* *t+
I*3*8348*5a8818333.
I*33*383*eI8888&3+3++
8338338181**88338 8.
I*38Z3&l8Z8*1833* *.
13*S38&8*jzSS&*++<4.

I**88838*E*..&83(+4+t,

* PROPAGATED

FSR - 0.9492
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SET I1 - RELATIVE
400-Node, NON-TRAINING

*33+8*+3++8838388S&3883*. .3818818*
(3*38+4* '33$8S&SSS8++4. 3188881S8+
*8++33* **4+8$885888833** *88888813(
38+333*8338+3538*318+4 '3+3 +8488888813**+38333++$$8S8l*38*+4538 3188888.8.

S 3383S888*$88*l$388 .+3+ *588$$8888.
*88*84*+8383&883888' *3,c*t 8*$M*
33**81+4(383588,85833*84* MW8OSMe8
+4333++*&4S~**SS& *8880*0*838+38
-4+3*83c 51*53385383*384* (3 88840$#8888+

I 83+38**S888SSSSS'*8*34'I18**8
1+**S8+888+38333S344 ++<3'* *1$f*S
1+*3**88883S1*$883+*84c ++ *1s*$s
I+*8+<88++8356*$++****3** 35$88*88833
133**3S8+8&$M4N1( *3++3&83 +8888$8848+
1*3**883*8S&88*+333**8*3<<C(gm

NOISY NOISELESS

FSR =0.7834
S~tdD -0.3333 +

... . .,c.t383 3*..... <<338888*+, ' 1 SS3IS8*xa .4.
5533S&S833335 1+ ..+8$ U**s**

.. . '''~1 8S88883.
....+'1**8Mss333+..(*1118

.33U$Zx$$+ t.I.~ *48888ZS13*58
- 33**Inl1$S.. *.f~*S*c

..+8S**1I*#88 ..... .. +-+*88*St+ .

+ 3 8 **.s 3 t .
I. 4338S8*Iq8**<s . l st RECURSION

PROPAGATED <+(*3*f

FSR -0.2488 4++844X~ggs

StdD =0.3141 *1.UM8+

1. .,s*it# 1I.3 .+.,

t1o $83NN*3 'c..
I ... 3**1U1$83*+

1. *+.*2368U83++8 4
I'... '+34388*&g'* "3

I **+'"3e88g'S+.t..

2nd RECURSION

C-44



SET 12 -ABSOLUTE hItGSE

I*3*3*5838M+8*88SS..I*-$uIS
I*33368&&&3S88838388*+ *5uI#3
lS33&8863S883,.+*S38++ I 3*NIZ83
18*83888356$8<+*+t++ m 3SUh$as+
138S88&5**&83***++i*8 36 $SEUI83
1*S&&88188***++383*8 i+S60 $aI*8

138638885858+*** .+*31 1 SIBSS* $88.
I8f8*8*838S8***8.i**88 I I &8*Ihl$8$
1S8#8*&*838**88333+31 I I$*II*893
18398U853**t.I338**+ M0448
1$$SSS8883+**3+*33*,c MOW
Il8SSS85*33.*3*53c+53*3 1 1386*335
138888S***+Z338*cc338 I 1888833
J38S83*<+3<838S**+33.S 1 j5888.
Ic5358*+t38+8S8+8*+8 I 168M3
I+3S3*<8**33**3*++Ic+8 I 1583<
135843+8+.<+8++.<...+ 113*.
I583.*88*3838.++c.3+* 1 1+
I3++<+3**3+++ .*8** 1

NOI SE NOISELESS
FSR =0. 5808

StdD =0.0772

1 *"8S&SS3*38883' '++
1+8+3SS5S&55$S333'*38k
1++385355&855333' 884

1*+*38S88&*$*88333+*t
I 3+333486$&&S*sg+'<

13388 5i@,88g8aaag ++
I 33338&863*&83588333< *
I 33S838*$866888883*3
'*38383368*8584868833
183SS88&&8453683883++

138S8S3385*gS83*3338*

I 33383368&3*&33*88*.++
I '8833&S833568S888*c'c
J*8*558S&&&83.8838*++
I 8&3383SSSSS88S*33'**
I '83&88338aS38S33838*-
I '33338833383838' +3,
I 388S33333588388++3+.*

PROPAGATED

FSR - 1.3403
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SET 12 - RELATIVE
400, Training Set

I+88S8$ 38&8S3*8+8+...338*8 I +8S88S6S* 0s
138888:3<*8S8$8*(*+*.((3+8 8118*488S+

I3**3+S884S*3+****I 389$*4898,
1+3S83388*888,883*+( +3<3 I *5s**I*a83
I*S*883888S88S3&383t(. 38c8 I t8*5*INISS
l(.(8SS38*881*88<*+< **3*+ 1 M8 $aNs<
I'+ *3&3&88S&S888s+****3~33 1 +SS$ENIX*83
1*.j 3*++3888SSE88S33c++g* I 8S$xx*8S+
I*(.*++*ssa8s$83(<+<+** I*S8WEIII*98
13<<3+'*+8S&8SS88SS3< '+8+3+ I 88SEM aNs*
J5**33888$*~3S3*SS*3Z+*3+ I -S84EU1*88
13.+.++*+SM88*38883+ +*( 1 IMM*S
I.*-<+3*c (8SSS888S3*S**333 Sg~$luM $88

I,3* .+ 35884***NS388+*S8S8 1 86830*883

NOISY NOISELESS

FSR =0.6433

StdD =0.3054 1.+~*t$
1 cSS$*Z$8~8.

8.8$*KXiX*s+.

. *S888*S..
.+ &8 88 5+ - .38. + -1 88+. .

* ...888*8 *88SI... +V * - 1 8W S +.. '. .(

ZI$$$83. . 3811*W 3

.*maIz*3 ..+S$8B*N$**8S3 .'

.. 8W$MM8EKS+ ... .+88mmsaw88*

I.. I. . 888Z**I#88+
*~88*IE*8.. .. 1.... +38*IJI*8&3 '

I.355$*I$*8S' 1st RECURSION

I s.. sa I$S*8$ 8 I

PROPAGATED 88~*l, *38'

*S$;- 1,88.
FSR =0.1507 838+
StdD =0.3147 .z..

I. ~3: ,8+.
86 883+.

.3~88*M4S+

...............................



H SET 13 -ABSOLUTE

400-pixel

4*1 8S88O53***3+* .*
1H*S3SS8888838*3 << 3  8 881188
1.<*888SS8888<*.++Z33 I 880111*88
I3835838s3s..<-<8* sesEl*8S
1***f&$$S8888**<.+83+ I s*i11*85
1*88888*+*8 I so*isl*85

j<+38*8$888838S383~33*3 I as*~11*8
1*38SS1*&M83S838*++++ I 85$11*88

1*~3888883888*3*+.+<(+ I88*11*&88
1*++S83&8S8383<<33 88 38$010*83

I***$1588S33 ***3<<++ *ssoI

138385*3*3SS+****<.<+ 8&$+
13*S88S*I8*3 .8.88888.
1**+&&5583*+*38**S38+ I 3385853
1 ... 8888888*8+.,*++<** 's&&&S*
13+*885883**33*3+*3+3 I 8s558<
18*&8*3++*33f33++*<8 * 888'

NOISE -NOISELESS

FSR =0.6060

StdD =0.0766

I <++33SSS8S83**<+
I.' (+*3SS55~S8**c**t
I. f**8858888&3+3*++

J. 3383884**m835'..+'

"+3S888$*$S*8585"'+
I'+'3S3$88*8a*$83***".

1+' 8858$818Z88*53"+..

13'38S884*Z**aSg+++*,

J**3+3588881***3'++.g

PROPAGATED

FSR - 0.9937

C-47



SET 13 -R.ELATIVE

400-Node, NON-TRAINING

++4+ 3t4+88+*83s4 <$838**+ 1 35644868
t3+t*S3883+834. *+*S38 368*4068

.<*3*33**8888818358**3+38*8 I 8688085'
't3+.3*3338813'+333*+3' I 88*21*83+

1~~~~ *(5(**3S$833**16 of 6s
I.<**++*33S8S$3883*+*3++8 48 s381 o*6
18+**+*.i-8838S8S58<+33< .< +581111863
13''"(3*33388888i- *S3+*+. I &$M=$&*3
1'(1*4.4 '88$$SS38*S+ *3*33* ** 8

1*<++36&835 &8638-*-*334-4.. f'*1111*83
1 3+t3S*+i*33S*s888S3 .... *-+. I+681111*63
13+33+i*33538$388+<+3* <1 +s8ENm $83
13 t'+4.*33888ZSSS*+3**8<* +38111*83
IS (*3+...38383883S++3*+833IA SM s*
18 +*83+-i-8883.8883. '*4.4.4.. I .38$E1SS5*
1*<(33<< +i33*+8SS8**+8' .. I8 1883lS+

NOISY NOISELESS

FSR -0.7536
StdD =0.3109 1'' '+888S&8883+*....

I A483SS*&*38+* '... .....
3+* 1. <*8S8#888S3+<.

.<< 83 83 . .. .. .J...-i38 8$*** *88.e-4-..' '.

.(((8388 ~ .. .. .. ..

<*88.8+ ... 088S-...

* *~~'4884158883..

.'888888+'~ ' '4:8$*$*&888..' ..

+smI*$ ..'88$1*886'
I *~38*I#*5cs3S3**8*S8*..

* . 88*II*3~~ st RECURSION

PROPAGATED C.'84888888+....

FSR -0. 2870 1 84611*83Si...
StdD -0.3109 I.+888*11083.

I .+38*111I*8.. ...

1. +86*1111183 .

I '3*88**113883

2nd RECURSION

C-48



SET 14 -ABSOLUTE

400-pixel

i38,s.88S3*38*5~ *$*~++* 
11.iB8*5Iss+

-1 +888I88SS333-+ 38 3*8  I Ij m m8

11 .* SgS88388888 ++ I I+ 1 .88 $5uN*33

If* + 83555 S88 S 48 33.+~3 If t88 *4Uh * 8S +

JISS88+*88888SS88833*" If 5584

IIZ33+**3*s8s8s*8V4S3*3 
11~$58

I*++388*8S8$s$S8+'35 lj 88~~888
'I .8388888+

If 3s3,3*+c3$8338#8*8+8 
It (38838+

JI.38**<8**8588S8844 
I c*3883-t

NOISYNOISELESS
NOISYFSR =0.5263

StdD 0.0764

j4+*38,89&883lBS3++33

1*34*30&8388215* 8*8

f*3s853B6$8$*&883*4-

1+8S8ZlllB$ssI~8833+3
182 855 88S3$8s88$58*

38

13888**305S&8858S8+*

138,8888**&&&&:83638

I.3S353$&gs38S38+388(4

I*3es83S8$8S&8803' 
,

j*8838838888358 *+

13&88383&8&8388'+* +'

PROPAGATED

C-49



SET 14 - RELATIVE
400-Node, NON-TRAINING

1 +6a8885 +3*3S$358888S38*8 I 888~88SS'

13883*+ S3**8SS38$S&**+3*8I38*88
13*33+ *3*+SSSSSS3SS3**+S *S$#

.1+3$8*<++83*S5888&83 *3<3 1+:sa~ueSS*
I*<353+...*86388S8$83++88<8 1 884 $188

I<.+8S3<*858***88&88.3*8**I*3 83

I<* *S+ 3S3i*S3SSS58+*383 I '583*5158S<
188 3** +SS68M8$88883<'*+ I 3842XNEN$8S3

J3( <3*++858S&8S$$83++<*+33 I <58*1I1*8S<
13++8***S&5888S6SOS5*+(*8*3* 1 3&*1111*63
lS*38388S&33M8388853' 88+8* I58So$1$38.
13<*4**85$8883388+<<.+*++'
I*<+4+SS3388&S38S+' (*3338( 

8*641185*8

1333++8$83S*3&8S*+3**33*3* 
+8111014458

I +33< +8818$K*1* &*6' 33. 35858 I +385z* $$#85

NOISENOISELESS

FSR =0.6461

StdD = 0.3146 1+4 .(+('l88588**88838+

I .44388$1118588'.
.,+,c*88S8&83838<. . .((,*88*111*8883

I. 'c&88588888833+I. .<381111188*'.

I- '+5 8**8$ = 8888'. I4 c3*I11I 833.

I t.s . 08*1*883* ... .8S111IIN*3..

I< .*S1111!$*88* MIRK. M8*11l* $3.c<0

I . .. .3*Z 1 $a*8 .. csl*1l1N*83 <(

i.. S8NZZZ 88... I..'."*&48811*8++*.

I *. .+* *lI$$ l*8'+ :. I ...+8S38S8S&84t <*+ ..

-.**S8S8ISS *+,., 1st RECURSION

1....4-8SSS35S88+<.<+..

PROPAGATED I +t (+4*8S8$&4S85588+

4c.(&3$0KSSS8S3*+
FSR 0 .3341 I .4.38341E3N*688.

StdD =0.3146 . *8*13*8 .

It t3=31120$1633.
I . . .3*1111118. -
1. 4 .811111*8 .+..

1. SEERS MIS83<<.

+81*X*I1$&*8+
*. *+3588188+''* . .

It ..+*33&8858*3t. .+3W
I ..+8131158533.4 t*..

2nd RECURSION

c-50



SET 15 -ABSOLUTE 
TRAINING SET

400-pixel

i.+4*+3.<S88*5. - *333+
..,<+.3*3*4* t38S83+

3+s3*+36483+ .<3* I .8186.18+ I

... +838*85888583*+38* S388

13+ *3S383888S333++ 
3X&8#8883

1+334888&ssS$83*<** 3864=66e88

t+*+*8983$SS8S3< <-- *88*INZE*$s*

i ' .88888s3&S86 **+8 .8V 
#8

I *+sI&88888+S++3. '8 J 38#=Mz~tg3

1+I311588S3S1 ++*"" < ''*= 
*&s

iS*83*3S8++ .... .. 
3 8*uZu*.3

.138888 *SS 8583+, -13MI05
J388$SSS**** 38*uzxx*

I 388S*S3*+3*+~+c 8*Ngs
11SI188**3**+3 *<<+.318*183

NOISELESS

NOISE

FSR. 0.4851

&tdD =0.0772

14 +*338888388*3++
I t +*388S38888*3++t+
I ..+3*8881118183*+<.
I ++**8888$888853**
1++*3*3818*8S81888*+.
I *++338&848&8813*4.
I+t+*38888*888333*q
1++*33384**$8813***'

1*3331184*4888883S3,.

1"8338888*84838+8.

1*33S88s*SMIS83++*++.
I +3388&&*3N*853 ((++

I*88188*I44*88+4d..
'3388181318813 *+++
'+338W18&8888+-4'+4

PROPAGATED

FSR ft 1.0266

CP-SI



SET 15 - RELATIVE
400-Node, NON-TRAINING

SS483888I1888*8. '3++883*+ 888'
'++883' '*83333S'*** +338*+ +88888888
3S3333' '338*3'3833*3+ '88+ 88304*881 088'* * **83&888833838333.'3* 

388*44s83'3383883888883*3883* '83388 +ssouI**83&S333888M8g8888883338g38 88*1II**88$33*3**83888**8833+3+83*<4 
p883s3*83*++**+.88S3*88s,3' f3*8*+, .8*1m1s88.* (3*3+888*8318$888+83*.*+' 
38*11U1*8"t3+3838&888388888&8+.*3* 
4g8*i11m*8s'+S8+*33SS8Z$&**83834<*"83 38*1111*8

,+3*+*383$SSSgZSSS+ .*<<+ .88*0 4*3'4l*333*3**8838888383, '3*833 *38*111883
'*888+3*4<3SiB*8383*<++3883 88*111*88

I **88**..*88888883+3388S88 +53*111g*83
1 8*+83*++8&8&$&8&838838S3* *Sa$*1*885

NOISYNOISELESS

FSR =0.6494
StdD = 0.3058 

________ ______

.+. c'3&$8$8883"+......

I. .'((8883**883+c'.........
I. _<_33S8888688_... ..... 3.388**8S3*"'.

I. ..'33S$8**4-< < I.. .338*1**83++'.
I.<...+*S8$*+**+S( ..~ . 4<838***J8838+...*
I. ...+'*+'33**sss<.~......***8"....

I. . . .33'83888++. < .<<384$*144488*c.*..

I '.4..''3886*18838+.

I.. <3+38*$*x*sS3+i 
. st RECURSIONIt. ...'+*334888*83&3+i .

1. 4 4+"33&$888S88 .......

PROPAGATED 38*8+ .-

FSR 0.4527 8*us
stdD =0.3138'I 8*I*3

I. +38fI1x**88+.
. +38SS114M.88

I. 8***xi*83 ..... ..I +81l813**8s+

*. 38*10*1883'

2nd RECURSION

C-52



SET 16 -ABSOLUTE

400-pixel

0183**+4888813 *388811 T 4 888s
I 83*8188113**8S3883* *sa11a8*
1888813188*3*-*8+3 

SS318+*81388183*.+*+( 5 .3886388.
18:88888**8.****+*81 +i .888888
I 34&I8818++3++3833 +388*883+I t8*138881&+38*++ (+: 34304383u

J+8&Z$$3*.*.1 34$414483

1+ ( 18888*&881+388*3+ 188*111*88
I 83&8188888*3+383*+ 1 88*111*8
1*338&*&88*38*81c+13*38 18*111*8c*+88**88388*3388+33S, Sa38*11*8
I 31f8&88888+S88+8*+8, 38*11183

. 3 8 8 8 * 8 8 8 8 * 3 + * . ~ 8~ I 8 8 * 1 1 1 8 8I 31838811333S+*<<.(*(( 88*111*88
111838$*8$$88. *++*3+* 88*11*&88. I
43+831888883+ 3*33------

NOISE NOISELESS

FSR - 0.5497

StdD - 0.0778

-(838M8$8188113'''
(8*+3*1818888183*<+++
I 44(3s8888*$88813++.
1++3833881*8833**.I.

1+*333&&8**&*8+3++.
I +3*33388*48418833+.
I **8388&8&888*38++*4+
1+38S8&81**18*88' 884'

ls8833s88*I**83883<+
I3**8838*48&838838( .+

1+83888881s8*8883*8 (,

I *88838*$****81833*+( 3381**8V 8 eg

J*(386&&888*83S*3++,,i
3 8338388**8S*88338*+j
1+8S883~*&388883**+t 4
I 833833818**8S33++..
I 383358888*8833+*+8+4c
S1*8S38&888$8333..+4'
1*3*33138838338' .""4

PROPAGATED

FSR - 0.5120

C-53



SET 16 - RELATI'VE
400-blade, TRAIN~ING SET

1***3*+++3888443**.E***+a
1*3*3*i'++*SS851*$38+. +5S 88**2
iic"'3**83$81558i8++3 ... + I 85*11*88

I. . +38**S$S**823*8+<+.. MssUMS'

I++8383&&S&S4*&*3SZ3'+~i8*+ - Ss~nsuu.
1333**t*8888383333*+**8* 4 +381111*8*

I *+*38c*382281888*$88<8 Cc8+ I+1*113183

i"*+g3<883$SS**$$838c.+3. I+Ssx m $83
1+3+4++*88S$S8SS1&**33t..+ I +8$23M$183
3 '8++38*&83S&8888 . *34.43t+*Al~$8
183..<-e*+88S$$*188c ( '3~53 +suxz3
188*+858&88$833***8' ( **+5118

1844++t+838333858'"3'+*83 +Sol =n$8

13**<< 883S88'23<+*88++4* I (3811188
1**,,+. *SSSMS8S3*.4S3+**+ 85*11S*83
I '++++.858838S1838*+S333**18*"$S

NOISY NO0ISELESS

FsIR 0.7044

StdD =0.03037 T 'a'::3,

II ...'.

....... 3 68588................... ....

%. *883,c

'34*883"

-s4$48338+

..38*I*83.. st RECURSION

PROPAGATED

PSR -0. 1685 ~8.

StdDr 0.3099

2nd ECUSIO
r 488'



SET 17 -ABSOLUTE

400-pi~xel

13*.

I.+**888838383+**+f J i3t

; ,+83*388&*51583*+ *1 ISA8
444+333'88668884. j 151518
5(4,*3***8&883855 33~*+ 188$8893

-1+*33*8*8s$8S18++3< *1
j(45 I8*M*mm883*g'I

3+4' *5355535*++( ss1omNEE81'
J1+31188S1533*'+ +I 138*NMMg3e8

13+888*8I~S*88833+" ( I18NNK*g

I "3838888*$53''*4*,4' I 34MM8

1*331S8&&***SS*31 "+' 1 35*EUIM*3
1++8S818*I*651++ 4 1 .88ftmosgg

1+<*338$*$$183*3.+ +t~1*I*5

NOISE
NOISELESS

FSR = 0.5484

StdD - 0.0783

+33 .+t*3*443(

38*844(+4*3. 3'. .+3**

588888' *3333* ....383
883811" .*4++*3383++
383+351838' 383833*+3

Bs88&s8881 *-.***8

I '53S588S&33 3+'*3 '4

13881=88S538 .. +. *g8'35~~ *4.<

I *5315811X818388**+*4
I +4*88311133888' +8533
1 *38ss8*8183++,'-+

PROPAGATED

FSR - 0.7789

C-55



SET 17 - RELATIVE
400-Node, TRAINING SET

* I 133+I3+38+&&*388&SS&88&83*+ 
_____________

I .. 3+. S'..3+313&*3S3+3S38*+ I3Sd388833
13S333+. .++38f3388f8833'88+ I3388883'W
188**c .+*38$8888883&3. (3* I s88**afs+
I 3S83****3*3831f*8&88833&8 I 888*60888
1S8 ... *+33684EMISMS3338I 868@M*83
1&3*3*<+*3&8W**8188+8**<< '88*EN*83+
1+4.**. ++8$8$48813338**+4 cZ&*l11M*&8
I. '3+3+*3888318833383*. *4.8 3841 MI*83*
I '3+383888858e*a8888+. *3* I+S38*NzN$&8
1+38+*3833*xs$&8S3*3< (**83 I 8&*111181'
I4.384**3888888x,833+ .*(4. '3*MN1188
1 *333*83Sg&$&e.3S*+< ''3833 188*NN1N*83i-
1*8&88.i33338$g33.+ +4.3883 1 +38,11118a3
1**3838**8318888*4. (3888388 38*N11*83
18*+8S88881883Z33+.+**8S33 1 8&*iii$*a

*38*41*883

NOISENOISELESS

FSR - 0.5164
stdD = 0.3057

*640888S*

.... '38888'0048883+.

.... 88U*88..1183. <
1.OOM . 41883.****3'.

........38U****888 . 1,. +

....+348**I83.. ..

PROPAGATD $4888i
1.* .'8*118488......

.'4C888$11883+ .. . 8. 3

1. .888*11083.
I....38****83.. .. 1s RECRSIO

I. . 388**383....

FSR - .15631C*56



SET 18 -ABSOLUTE rAN~ E

1i*33833833****S3883*1I
11 $88S3+*8++3* . +*38*++-i1
1if8+*83< ++**3

8 . +3 *+t +*j
ji 8*3883+.S88.3***+381 8j

11 *383+**,c+3++8&83Sj*33--
Pi 8S38+8333+3S833*+4j < 38S83+I
11 +3*888+338S+888++3881 43s8s8+ 1
jt *33$8S+t$853S888885, I .8388838+ I

P+83Ss++88888#88833j ZS&358888, I
0+<333338' 3838$88*88 3sss588*888 I

185' 3*8358588+ 1II*~***3804SS 1
1183* **8+35S8$88N88*83j 840006W I8
1 *+*388*858X8&#&33838j &j16*
I+*3* ...888*8$88383881 I38588

I3338*33881555*88* 815 ~ $h*

1.383*<&S888 f8*8888t*1*1 *8*&I*5

1858<3 8*53851553*ctc*j 3sg*1R1053
1588. 8$8W8**358*.3+*j. 85118
13+*v3$888,88+*S833

NOISY NiOISELESS

FSR - 0.6911

StdD . 0.0697

1' t*88&S558538*334+
1.+ 38555355&5553*+*+

j* .3<88&S8S*S8S3**3*
I S*+3*8858855*8833<+'

I *8++3&&S&&$81S83+~~4
S. ++33&S&8881885588+4'+
1*83555888888~83534t
13553355813[81888333+'
.1* 8888 5814 08*8 111183' "
I +35555851*j8&S8533+*
3 533*S3$S8*18*$838+ ',

I 88888S**81388883 5+'8

I 33883&&6s**8865833' S

(+8*83&K9$*$**58883++
I 35*8&&&488888558'3++*
1388$465*$S$&8S8$8"'

l*+55855&88888834*++4
I 38Z83188838858 53+t+

pp~oIGATED

VSR a 1. 1216

C-57



SET 18 - RELATIVE
400-Node, TRAINING SET

1*383S~.*<$*34+.488*8+

133**888 +83*+4+8**88*.+8*2,
1+33333+*+3*+**8*t*s.<**32 C+-
13+*848'*648S++8S+*++3+*3* *3*
l*43883+$$1$84<*3<<<<83+*+ *5583+
1 +*+<38NSS8S8 .... 3*S8<++
18<+*<8&8*3583+3+*+**5*3* 335$838

18***8838+38SS8**33*<+8**. I 3565698+

133++8**3848533<**+ **'*+ I '888888+

I++4 .3*S338813888888+*+3S8 I +S8403888.

1*<+*+ 83*8$I888**8S3<*388 .88M$*883

l****+*8383813883*+3+.8888 'ss8n*as48
(3+~'I+888888S" '88 s&$nu6s+

NOISE NOISLESS

FSR 0.7808 ________

StdD 0.2578 j~.* 8388...4

. ... .. .. .... .......

....................................(. 4++ 4.4.....

... ... ... .. ... ... .. .4 .. * 3+ . ...+3 <cc<.<'

I. . .*333, ..... 1-< <8388S833+<4. <.. 4.4

I .... 38S88;........... 4<.38888888934.<
..... 3533838.... ... '88488853+q. .

I...S& 88818... .. ..... 438*88

I 8888*1883 .... 
3#$&S-

o'3811 w ..... : st PROPAGATION

PROPAGATED) Itt..... . +38358.+'..
1*.... * ++33S88i++4(...

FSR =0.3569 1.4 .... c4*$533S8*+4. f
StdD = 0.2235 [+.(+.. c'+33883SS**+..4..

lit .* <* 4'3333&5*4,c4<44

I. 4ý..+.-+3*8S383++..,4.
1. t44*3*8383333i4.,4'4..

I ...-f38&888888++4.< .<

1.-4 +8833" *'4.

I.4

2nd PROPAGATION

C-58



SET 19 -ABSOLUTE TRAINING SET
400-pixel

I. < +3.('838+*..(3
< .<4,c<+.<+3<+C<+*3

1*3<3 c533+83.. .+3'+ +*

1++ 3**3*+*S8++. '3"< c3334
I+...888*85583'+....383 I 888'
13+.<c'3+3S353**3388++~ 4 85518'
1(+< <83S883&f3833*+3~ I '38883
I '3S+<383883&8$8+' (4 1 3388&33

I+333388858""'I 1 .8838888.
1+*++*83'858853< 4..+ I +8583
I*< '353831*818..**"'8 3*~
1<*.38S33383+83*3+ '8 I 3884*4883
1**<&883838&8'83+*c.<,I 38*414483
i'33'c(3'38*883++. .+ I 8&*1U88
1*3+**S8S3388388"+3+ I 8&sII*38
i+.i<8883338886'+S333+ I 88*11U*88
I 388&$I88*83+<<.+* sasm$IN*8
1*++8'*84$SM8888++*+* I 8$s*ww3

NOISE NOISELESS

FSR =0.6241

StdD =0.0699

1< '++333883888"'*+.
I ..++38838S383*3+c+g
I. ++38838SS33333"" 4
I ++"*3388888383"*+.
I++"*3883888M8383"'c.
I .+++*88888883S8*33+ 4.
I ( '+"8888$*8*8+33++.
1*"*33388S*8888838*.,
i+3**3S888$33&8+*3c4<.
I+*338888*&8&883**+.4

I "38381**l8*83**4++

1 "3838811*$88'++t+.+

PROPAGATED

FSR - 1.3567

C-59
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SET 19 - RELATIVE
400-Node, TRAINING SET

l3+*3+3+j.*4 33*+' ++3**3**
134***8+++ t**3+...*++**+(.
I 4*8++*3****4 .334+8*3**33+
'*3348*3*3**3 4*+*3+38+4*+
1+*83*+88+ 8S448 I +33+
1(**38388888l888+3**3 .4S I 3883<

I **33*84*+**S83*+433+' '+8+ 8338*
1*3**+8<+<3~3S88*+*****3*8+ I336633
13+3S*3<+4888*833S83+88+83 < 86885888
13+<*+33<*843*8S333***8+*4 *355553*
J38*+33+<+8*3SS8S3* ...3+3+ I383**843

J(++3+t+4 43888883****.+** isasuss<
18*3*+** *358f883c**++3S3 ISZKES
IS+3+s*+<<38S8$88Z33++8*34 5IIIs

NOISE NOISELESS

FSR =0.8003 t*33*t.......
stdD= 0.2578 1 t*38338 +c....... .......

I.. +:538S333*.. ... <

1(..3338883** .. ....... +<<

I'.+*83S3333*+< . '4.''
1. .+3883*3383 ....... (.
1. .**IS838S83* ........
I. .*8SS8SS5385k .+
It ... 38553388S3.....'c+(<
1<< .+*88588l8S8*+<4. 4.,c

'''""I..<''33238*$8383 ... . <'.<

. . 4 ' +3388' .'+..5*I55'..
1. (((*3333 '.'....8335*Z48S*.<4.<.

I.. 444<*35553*. 1st RECURSION

.'~uuusaI .+83S863883-
I~1 . ."',NI*83.

I.~~~~1 . 45UN,+4 .88485888.

PROPAGATED t 85$***8883+.

FSR - 0.3337 1.. .8555***5883. ......

StdD - 0.2308 I .. MMMS5$*8...
.,t.35838$3858*'.

I... .388554*44584

2nd RECURSION
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SET 20 - ABSOLUTE TRAINING SET
400 - PixEL

1888S3+38*+35 *18~

1 833883+. S8* *3*3*+*38l
1.s8S~3$8+** +3++3z35si j+333*.
1+88&SS+3s~z3* .+581,8Z
13658*6388B' .+8 +8fS885'

I 8+8$$*858s8Z88~83*3 1(84888S$
j*3$$s~s33<+8s*I 386848S30

.1*38*0$&SZ888<+33 886**5N 9*
.+*S5535s8083* l' 8 8 6 6*~s

II .85888188*58+

lI 8 5 8 +&*ZMj*3SU* .3+' 8IM4

118+*NOISELESS
NOISY

FSR 0.6874

stdD =0.0697

...... . . ,8SS88c
j.+.3*S888S58 S8 ++,c 5

j+4+*33S8&SS83**
8

4 38 g888 *~ 3

Ic *+333$ **$683 ***- 3

1 33838811068"+ *3.

I+*8888&$65S8*I68.'
1* *338W $33+

+4

I S355SS$***$&833,+-44

PROPAGATED

FSR - 0.3840
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400 - NODE, TRAINING SET

zs*+i*&S+3S5

1*438+3435W

34+88&$s*Ss38888B8ISS
.53 , 1 4 - I +8885534s
1'4 4 58 a 8ssa$885836 4 8 +588

8885*55-8883N5I .8&$S*8S8+
14'+' 3++,+$8-Sssm*885sS3  '88*EI*88

J~+s38a g8888S 88*1=1188

NOISENOISELESS

Y'sR =1.0282
stdfl= 0.2235 1+,++*3**8&SS38*.'.......

lt0*88 ...... 883"...

1.. +3338SSS8*+',

I.'SZS88 ... 8888+'''

___________1.. +388383I853+''.*
i ++8588*5*583 .'......

stdD- 0.23 *'38&41*1885+' ... +...

I . It 4*..t35*11S 8 '.

.. ..... 388M$8

** ~*'~85858+'+'S&5* *83*+'....

* *.+'*t1**3'"2nd PROPAGATION

.t-'8111*8 '* ___________C-62__



SET 1 -500 -PIXEL SETS
C-4.3. SOO-Djxej. images

*S4838+

+S84888. I "438888663'+t~
884#888 1 +388388833*+t
366*6*83+ I.. 43388 8*48*83 .
+8*1Z*83+ <388$***&8*t
8* 1 1M * 8 8 + 3 8 8 ** * $ 8 3 '+ .. . .
'6 1 *8 as.388*$1$888* ...
*8*111*83 .*81888.

3811Z*3$<+88*Z8+

*6*111*88 1 '388$M*&1I8<
88*11 *83 * . ' 8$ 11**88*<
'38111*83
38*1*883 I .'8**1**88*.

+S88*888 . ''888**8S8*4
+388868 ++*S8**8883+.
'3338' ** t++3S8883883"

CLEAN 1+483*
** .'++..+3S3333",.

SET 1A

.'38838888'+<'
''3888**883*<____________
.'83888*483+<. I -'838388883+'.

'"388** *88 *. 1 ''8838 *68 83 "t.
.+3S881**88't. 1 '838884*83+'.

I '38$$K**a3+. .I .+81*8.
I. +388111*883. I .+381Z****3".

I '89*911* 83' . * 38$**$$&S+.
.+8 $8*11 188 (. . * +388111*883.

I .38 * 8 1 1 1 *8 8 ' . I + 38 6* 1* 6 3'&
+38*111* 883'. . +88*1111833.

I .36111183'. 1.38*8111*88'

I . . 3$**1**88' .388 11118 83 .
I. + 3*$8*1 *833' J +S8**I*$83+t
I++'381*8'833+. . *S*$6*

I ~+t+'8888+83" +'8*88+
I ~~~~~ ~. . '.33" +38468+8334.

SET 1B I . *$ c 3*

SET IC
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SET 2 -500 -PIXEL SETS

3S888 * ++*43883*3*+

*38***$I8 .838 * 83 *

388*111*88. I *

+38*111*8&3j *.88*83.

I 88$I11I*83c . .38*1*$8*83*

1 88$1111*83+ I . ... 8*1I1*83+

I *S$11111*83 I88*1111888+.
88$1111*83c * 888*111S*3
*88M*1183 j * 888*11*83.

I 88*1111*88 I +388**UP3.

+38*111*83'I. .+33*4****33~c
I 388#K1*83 +*338*$8883'.

I .8880**888 1 +333$*1**83+'
I +388*$888+ I .**3$$S*

I '3888883'1. t+'3388*8*+;
MUSS*883 I S833398888*'4-

CLEANSET 2A

*. <(388*8883* . ... .838*338*
. c'88*88838< . .. <8$8&88<88
*.33S**$8S333 ... 88M$*883<
*..88*8**$S* .383'$S
'3*11*ZZ883+ . . +38*11*838+
S$$W$8*888. ..88*488**8.

* 38*1***83 .38*1****8S3
<S811**888 .'(3811**888,

I .. 38*1188. . SM O . 3*118'
438*11I18881 +38*1111888.

I 888$**118S* I 88**1118$'
+8*81111183. 48*811118S.
+88W**1*8+. 3**1*+

88*1**384.. 383**I**88...
I '8881**88+.. . '3381**88,..
1. +38S33$Sg8<'. j +8358*3888...
I .3888$88S<44. I .3833*83'.
I 8818*83+''.. I 8313,83....

SET 2BSET 2C



SET 3 -500 -PIXEL SETS

1 588S* I t38S888863+44.
s555sass* I qc*3S858885S*+4

I +588$*888+ I .+38S5***&*+4.
I .8884**888 1. 43858Z8*1*85

1 388$11*883 j *388s$4*88+..
I +sss*111*85 +3S8$*$*8**55

1 88*21111*88 I 388*4I**88+.
8*$as11*83'I +38811**883,

88zzrwIs . (MS8ME18S'
1'8*11111*8:3 IS . $2M111883.

I88*11118S+ (355*151*88'
8*1111*$85 1 .. +88111*a*8'

*3&S1111883(.
+58*111*883 1.. * +S8*****58+.
388*11*88.1.

I 88$**I**8'i. .+88g*1*883<
I +58$***883 oo~*58**3883+.

*S8843888. 1.43$88*8358".-
1 35588888+ 1 (((8888388"4
I3588888' + 4,(..+8SS333*t

CLEAN SET 3A

I. .*888388883+<. I*.*BS8358ý883+t

I *3838448853*. t 4,8838$$8&3*t-
3 83888**83+<. 1,838880338,-

I .+38811**88*. I .+38811**$88*-

I '38**I**8S+. t*835$Z*I*S+-
+388111*883. .+333MM$883

I . .+8*1111188*. 
+8f11B'

.38811183t .355111183<-
I . 58*1**3+'+SS**1**

83t'

I..+38$Z1*83*< t. +334I"63"

++'881$*8*8+.
I +38$$8+8334... ~ 36$$8+8331.

* +..'358+'' . a *

SET 3B 
ST3
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SET 5 -500 -PIXEL SETS

........ 3se88SS3 ...
8 8**8 ....... 338888S3...

.Sexxsas. ..... 88888888 .......

+azas +S83448sa+...

*8*1111*&*I .. 888$s.
8*11118' I .3S$ as*8s..

*8* 111*8* *1.39 8U IS93..'

*8*1111s*8 1 *88111*883. .
*8$Zzj~a*..*588,18s*..

+8s1m*as ... S*8*s

.s8*11*8s. (-S8*8888.....
a88****88 8...f8888888...

388**8 1..........8883888...

CLA 318888S....
CLEANSET 5A

..... SSSSS$3** *.3888+(

I (+8888883+ 1. -*3S838&88*C(<
I 8~**8*8*+. I .4438811**883*.

.. .+881I*8883+. 1 +381***8W3+,.

I . +88*1*a~sI . 388111*88*t.
I .+3388111883*I

I . .88ZR81183< .+8s8z**1188.

<.S8*$881*8S+.. I .. .+811*188'.

I......888$Z$&*8.-c I388120883c.
*..+3S$8**888+. <*8$ .8s

I. .38. .+8S88.* I .*M$3

I 3+888$$888+t. I. .+3 8*1834.

I. . 3*3S88$at++c. I ++'881*88+

I .. 8 *3++3SS8++<t. .. 38#I34

SET SB

SET SC
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SET 6 -500 -PIXEL SETS

88M $48::~ 88885..

8345***58 S '8588585'..... ..
I 388****83 I.88*3888...

+se*uzz os' W..358**$s83. ..
I '58*1111*83 j S3ss,*,5$3......
I 388U1I11 8 8.I. .8 ss**1 * $s+ .

'8811111*83saZZ*S
I 86*1111* 8 ..S$8**10*888.

88*11185+ . 88*s$*8Ss

I <88**ii*6 .......388**SS8.

.,*8SS8*883*t<. ..*88388 1*888
I 33888885'+< *338483*4*8S

..388t88863' 1 ..88668863'.

1 '56653 .. ..16888S3

+8.....+8$838...

''83388663'' ..'883888S3+'.
''8848M883'+ ''3838**883"
.+8*38 88*8+. ..83888**83+

I .+38**1**883 . .+388 8.33,8'

.3801M$88*.. 1 ,'8*s*z*$s8"

.388**1**83'. c' 336**1**63*

''38*111*83' . .38*II1*8*3c
+<38*111283. . *... 344#8833,.

.3+86111+83.. +4.388113883'.

I '''*388**33*. +t..*38**6.83r

SET 6B SET 6C

(C-67



SET 7 -500 -PIXEL SETS

.8888888....

I '~88*11*884.
+88*11*88+ ... ~sa~..

I *8*1111* 8* **881***883..

*8,1111,8**.8**11893.
*8*111*8* 1 .'aez111883..

*8*111** 1 *'sm8**$* 83.

*8a1111a8 . .... *88811*88 ....

88*44*88 I .....88888888.
833*4888 ...... 888888.-
3S8888883 Issss .. 388.....

cLEANSET 7A

..... 388ss8 .8..... .. 3.88.38U

I~~~... i..88*88.& 888888..
I.*.88888888' . *..*.SSSl888 8...

888838t ...... (..+88*88888+....

I. *...8888$88+.* 
..- 8888

I ... +88888885+...

I . ...'O8* 888*3. - . *.388*188M '..

I *.3881*88'.S. I .3S$M**838'..

I *~~8*i**853. . .3I 
.3818..

..35111883. .I 
.888188838...... .

I .8811*8. I.38881 883 .. .

I .88*11*883.. 3,3888 ,.

+ 8 8 S S838* 8 S + S E 7 C.. 3 8 8 * 8 .

SSET 7C
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SET 8 -500 -PIXEL SETS

+888**888+I...88S 3

388W*$883 . . .... 8$*6c

88*INU*88
38$lIEEfz I .. 8Ss$t*8
cBS*txwz 88

-'-8*1IIE*88 i..*sn~8.

+Ss$IM$IB8 I 3S884II0883..

.88~NN*83 i...388844EE8S..
*E*I**8.8884444883 ...

(8815444S3 38488. ......s'

*s858s83 I.,c8884#8853.. .....
*S8888S8. I . 888888 . ....

3S88&S8< t(asessss .... ..

CLEAN
SET 8A

.. 3SS$8*8 *....3S8$8&S8*
I**,Caass ... S8*885884I

I 388*$**8S8 t ... 8 $* 8

I... .+35*5$8s8+~

I....3i881mZ$883. I . .z.azm$8JI* 6 .
+88*111888.. . +Ss$M=I8&88

I . 888,$INNss SSSB$$MESS*

8s,,,,NN*8+. S-tU~
I...88811,**83.. I..88811*8*83..-

+s858*11*ss.. .+sSa~ossS.

I 3S&4414888 ... I 388$$1*$88.-*
.~S~sI,58.. *31581**688

IL +8888*588'..

SET 8B ST8
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SET 9 -500 -PIXEL SETS

*~ea8S3 i.A588888'..........

.c888883........ ...

I . ...388*****8... .......

I I...+S=*I*S68.

I +S84*NMNJI$8 .881

I ~8419ZIKI8
Csattm$88+ 1. ... .3S8*E*I*8S.

..................................... 84$f8s8* ......

*8S88$S+ #8a*$98
3 884444838 +ss$$$*a~.

*888*888+88S~$+

........... +888868V

CLEAN.......... ... 8S$8S*....

SET 9A

I .'83SSS888S+<<
I .+S8SSS48S8+t. 1 S.888398883+(.

1~ 1 <8838$$8*,-~
I.. (53S**U*8S+<. 1 I 83888**83+<.

g388~*I*0$S+.
+8661N1SS3. *3$**+

*s8*z**&s<+383KU$SS83.

..+s8*1919118M *s8$8Nz$8s,(
.3$*85EII*88 .+88*MMIS~3.

... +8$N5N*J8S~3 .3*368U$88 c

... ,38001888+ . 8*NN8~

I ((S8$**3S~3. 1. .I.ZZ83

4<4+8888*883+.. 94+3.

I. + -c...358*333, .t*383 
*

SET 9B I . *S8+**

p. SET 9C
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SET 10 -500 -PIXEL SETS

*$88*I....... 8883...

....................... 8888*81888.....
888*888'3 88888c..

8888**888 .... 8+s88,888 ...
3S&88SSI . ... 8S88t888 . ..

*+ ss*.S88*88S8 ...sfl8S ..

...... 3*8S*8 .. .4 . 'SSxeSS3*

....S888*8SS 38*11S

I~ .( .. S88888S3 ....
J.. ..+W+88$8s8S8< .

+8.88$Z*888+I .. +88*8

8 .8888888388MSS8

Zss*s .... 8888...
1........8888 .........

I .38S888838.....

I '........S88888S3 ... 8 1 ~*+8888S8+.

I '.SET 88~ IO SET IOC88



SETi 11 -500 -PIXEL SETS

.1 ~~~.38SSSS8*_________
3S8888S8+ ~I........ M M...

* 888888MS 1 .8888*8888'.....
3S8888888*3 I...88888888....

I *SSM*8888. . +Sss~asss*
+888*4488S* .~8**8,.

I ~3S8$****888' .(8N8S.
I ..'S8***8S3.

I888*44*888+ 1 .. *S*,II.88..
Is8*$s .~3S8NINN88~3..

I 3$8****888< 1 .388S1U8S3
*sss$**I . .. *s8111*88*..
M88*4. . 'Sa*NI$883.

I +8888*8888+ .. ..+888444M~...

3MU88SS3 . S8,8

I 8S8888S8( I .898888888...

I +8SSS8S8+ I........ 8S$888888........
IN WZTVERMNINEINEZ I ... 3S8888S8 .....

CLEAN 8.388S88S.....

SET I A

.... 3SS$8888 . *888
I. ... (S8*88&S8+ . ... .s$&S8

1. . ... 88****8S8c i. .<

I . . 3S88***83 ... 8**$

I ... .S8***88* ... .+s&$*$s*8 +8

I 88$888**S8. .. * 880*88W8.

I .. 38*E*,8S3 I. .38$I,,888S3
... s8x,*s$*ss+ I. .z*$8s

.. 3S81N11*883. . .. 3S8NUN*88*-
.S8#xRZ8R88. +So$ 1888.

I s8s**ZNE8ss . s88*,1118S
I S$8IIENM88. c8 *-szzzzzss

*s***$ZZ*8*s* i,*E41M 8 + .
I...8881**83.. . .. .SSI1**8 3..

I sa8**I**88... + s88**I*$88",
I S881**88 ... .. I 3888*49$88 ..

I.+8S88*888'... * 88888.
I .8S8S88*88.. .8SSS*8S88'"
I 8S8N8Sb'o'+... 8S18*88+.."-

SET 11B SET I iC



SET 12 -500 -PIXEL SETS

I +8888.......... -
I 38***88' .. 888888...........

I 88**8$83 ****3888**$8S3
*S sZ8*III*88 *a'$88

88$8*111 S8S , 8884$*Z*3S88 ...

I + 8*1111*s3 .. ... 8souss**.....
Sa*M1Z88...*SMM8S+

88800893 11.8.... .88 9***8*8S 3-.
<8 8****888 1 .. .... *88*111*5 8..

MU H ..... **18+...
MUM1118 ... ..... 8*111*888

.38*111*8 I 88*1*8S885 ..

*8S88883+4<...*8 +53 8 *1***88

I '88*111*88881. 883****8
888*11*883 13.88$85**883.

<33 (88****888 I . *588*885.

<*88*$ **885+ * 35W888888.

I+ 8 U M 3 3+s88$m1.m$$55 8884

555ZZ* 853 . 38Z ... 8838.

*858883+( (. I ..*855388883+'
c8c5* ss**83 8*- I *5&8$8*S33,-

<44+8* 888 38 3+ (.3 838 *833+'3*

4.8******53 5. IC.38 **

4 . ..3*81*88;35+
+88111*185. . I .SET +8 12C18'

I~~~E .8121B8. 
8I118

I.... ~8**C-738



SET 13 -500 -PIXEL SETS

388*4488 3S84*8888 .
88*4.... 888**888.

1 88$11*83+ 1. .. 8888**85c ....
'88a1188'zas.. '8&8*f*&8S....
t881111*8V I . 8888**88* ...

+881111*83 1

8*1111Z*83 1 ..*8841**883..

+8*1111* 83 8 881183..
+881111*83 I . *88 m 883.

1 '88*111*83 1 .. '88=*1883.
1 .88*11~*88 ..+S88***883..

38844888 I.8888..
*8888883 1........ 38888888.

1+888888'1 * .3S888883 ...
.. *S.8i8lS3 ...

CLEAN
SET 13A

......................38888888 ......

.....38888888 ........ 8S8888888.. ..

1 . 3S8$8$*8-..::.8888<..

. .. .8888888s'.... 
I '88888885+s.... ....

I. *.88888885+.. 1 ... +88***885'...

+88888888+... '8188.

.. 3.$88***888.. I .3881*88'..

I . .3.88S1*883. .3''8KU8*1 *8 .-
I ..581**85'. I .38*111188S3..

'88*I*883. . . .888111*83.
..3*11183. I .88111*88'....

I .38115 .....+848*88883.....
I .88111*8*.... I. ..... 888*8883 ....

. ..... 888868*8....+ I. +...8888888.......

I......5888 MUS .... 38883..

...... +.38855883 .....
SET 13C

SET 13B
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SET 14 -500 -PIXEL SETS

+S~zz~s*... ...+s888888*ss
I .888*M*883 ......88888*888c

I38$X***8883 . .3388$883..

I *28**N*883 3..........
I ..Sa$8Z***$888
1 88*1111S*8

.88*1111*88' .8.888MM1.....

+Is38*111183 ..*3$81111883.
I 388*1111*8 .388*488*1*8.

I .8*111188. ...888*811*88.......
+8888*1188 *...888I883 .........

I 88*11*88( 1. .8S888***.........

*88****83 .I .388**888...........

I 88***83 . .. 88*88............8
1 ~ ~ S*88 +8888 . 8888.........88

.. '8888888'+ 1 8888.........&S3

I '8888+$$8 18884888".........

... 8$88*8 ...3$$88*8838
I ...3'18**888' ... '8*z88388

.... 8*M8883+ I. .3SM .. 83*.*83

**..3SS88***833 ... I +81*838.
.+88*1**888'- I .. 88$**88s**

.888*88$8*38. I .. 81*8
.38*1****833,- I. . ...18***881+-

... 81**883+.. I **.38118'

I .3S88111183... 1 . +888*111888c..

1.. .88811483 ... I +188*1*83'c..

I.83838818'.. 1 8313*8+....
8*S-1. . SET 14C

SET 14B5

C-7 5



SET 15 -500 -PIXEL SETS

@ 1 88888888 *.::++4*88883*+

8SUNIN*S .*+5$553.... ...

.S8*INNI#88. .S**88.
38$IIIII*83I .. 8*I83.

<S84wx 8s<I -. <3Sa*118&3 .. ....
38$iiNNI$83 I .. .868Z18988
.886*UIN*8 I .+88111*888+'
*SS*UhN5S3 I .38,II*88S*..
88$IEIN*88I..
+Sa$IIIasS*I.. .+'S8*8888+4<

. .+3$$**$++.
388*44888< .. *'S*8+~

.883$$S$S* .. **S8+++

+888888,S3 I . .**3388986....

*8888SS3 1 ..8 *3t.**353+... t

CLEAN SET 15A

1+358138**8&3*4

. *8*1*3S38 S3(+ I .8388*8111*8
I .+88*111883*. .. I.. 8*111118.
I .<3888*8111*8 .+38811119883

1 ... +*8*8811*18. < +s8z**1**83+c
I .+38Z*881*183' j *S***882.
I .+358Z*$8*1*8+c .+338*1*83.

I .'S**1*883 ' ++88* 1*88'+.

I. *38*11M*83'c +++36Z8+83<.
I ++881*$Z8*83. +C+*Z*88c33*c
I +38*Z8+83'. . *S**8 .

I. ((+3$*88(3*<3'3$8+3

I* +c..*8SS+**( SET 15C

SET 15B

C-76



SET 16 -500 -PIXEL SETS

+s 8S5888..

"*S$58M883 I. .(.3588MUS+''
358$ZZ*83 <58z*&-
88)M $83. c....(888$4888*.....
'8*zm$s*+ I ..qg+8S8**#8SS*.-

3S84*38N8 I . .vt.'.+88*Nf*88..
+SSSSISS3

a*8888888.3 (3:*8S8 $ 88.. .

I 38111*3j* 888*-,*...89888as'..

a88*11888+ 1 .."S4888888g3......
...c888***8S*'- +.sc.38sas3......

+388*8a*8 1 6.804*8883'...

t3s8*zz888s1 ..'.3S$ZZZ8"...
a.458888Z83. 38 U .

............................ 38888588.......

a......'8M88M8...... . ..... .85888883....
8asss ..... *.38888888....

t .88888S888..... . .. SE. 16

SET 16B8885.. .a.. 5688+.

5 .. +~~8888...a . ..'s*1C-77.



SET 17 -500 -PIXEL SETS

3S8834S3 I.+3SO83*4 .....

*388*888s+(6*S+~
*88e*4 88S+'8*~3'~
(88MM*683

*88*MM*8S+ I .+3 z+4

S3$*N3NI88 c*8W$***S++-

38*I ml$as* 8 *4+

88S EIZ EN6S88+S 
$$ +

*$8*NEU*S sa$8UNE883
88$NIII$8S-I I. .3444119388<

3 SS$UIII*68 4+88s*E8~S3 '

+Z8*lNNN$8S'+6MS3
'88*IIN*s I ~++,8**$8885

488 O (++38*8$#8&*-
*3Sa**t888'

388*4888 .*+++*8*48883+
488SM&88+ 4.(~85*qJ
+8858885* 3 .... 888SS83+
*8888883 ,S8833

CLEANSET 17A

_____ _____ ____ _____ __ (888*3558*
.(+'8888333*+ ..,+&8$8*8858

1. .4483*3<.. 8M883.
((+88**88" I ... 8&8S*6*SS*

I ((8***8~3' *3 3*S&4*883+
I * 388*40*83*' . ..88*48*0858.
I *Sa***3*8~33- 3.
I .88*I****88 " .3S811**$888t

I SS$E1N*88+ I+S8*151888.
I.88*11115888t. SM E

3stsoemms' +8*8111158S.
<388*IIII85. ,S8444zxe,.

+88*,*11*84. I . .3811***88...

. *3884048++4. I .3838*883ct.
I +3333888S*++. 8818*83' ....

SET 17BSET 17C

C-78



SET 18 -500 -PIXEL SETS

1*....t++88S8333*tc.*'.
.*tc38S&S8334444-

I 883 j* **((*555883(...

I :"S8 3868*U8883''t
.+'888 *(38888*J 88' t "

..... 89....................... cSa3KSI888,

.58884448831**8'

I6my~a <.4*5S38+8+<

335684 W, I tt.c'S8*1**S834t

CL AN.. 
.* 4*358 1 888 .'....

I~ g*88 ....... SS8* .3S8*fl8838.

<t *++8*8883* I.....C+S88848988+.

.SSS*11$*SS*( I 1 S *58**883+t.
I 8*38811138* 1

386111*SS I.. c4-+338868SS38'.

1 +388 = *88.3.

35*11111*8 = 83

I *.+( WS3*558++++

I*3os+4 4c+++888858*4

-- *+++'8*,858+. .,. 
+, .8386*83+'. **

I SE 1++8*88+ SE * .I.~38**S"

I *c+S8**888+ * .I .+851C-79'



SET 19 -500 -PIXEL SETS

.. j tCC ++8SSS33**(. ..

-c38I. . c++S8888883+. .......

I S8853 43SSS08833..
(888998. .358840fss83+c .

*ssass.. ..3S8NZSS8&8.......

I38$3853 
*$ *8+

I ~884***88.c8 188+

IW as (SI*SI.......(++S$*t*8S3*+'
+SSSZ~aI . *(.+'588&8s885++

I+SaS[]NIss+ I c-,t43$88$8S3+++.

'S*IIIS$8 I. .4+338SS8S3++++.

S80IIX5$*S ........ *3*S3..

CLEAN SET 19A

2 38
1839888*+4t(8

____ ___ ___ ___ __ 
38$*883*t. '(83

I**SSSS3*+( (4.23 18885483<. f*

1*388888*+t (<** 8840882 A. .+3

13380*883+( +*. i83$I$$88*. (2

J3S*$*883+t. <( I3SWOWSS*. +

J*$*8$3$~S3. (2 34*Z$IS$S+.+

I85$**$*8S3+. 12 383$1$$8863

i~S*8$S8S. .*. * *S834I$*S8 4

I+883*I**88+. 1. . .I385811$88 
<

J+8S8***$$5B34. 
I 

..
MM S .,BNU88 *

I.358MUS1S8' .. 
.365=41883 ,-

I e8&*IN**88*<.

1 .+S8$3*$**8S' . . . I3+834

I ... *88SS4*++ .

18 ++..*8SS+**+4 
SET 19c

SET 19B

C-80



SET 20 -500 -PIXEL SETS

I . -4 S* '3+3883C 't <

(( S3355+1+

I.*..Z8865++c.
+8SSS83 3S8*11MB3"..

*+888888S8S"'

+3888' 
.((SS**SS+

388WS888 . '3888N*88B' .

+S8**$*3 3 I ....4,8 $$8$$88* ......

+8688563'* c+481B 38*U * . ..

388*WZ68881 .. 4+8s8&8II$55..*

86$*NINI$88 I 4+,'881*88S88'..... .

.88*2N18 m *.S(4+43888&888+'..-

3$*INIS*83I
56*iII*6S f1

CLEAN 
SET 20A

........ .8886S8898.... 
388e~

I3888$S888...'
I3388$8s8+.. *..

I 3s$868389..', .8BB83

1 .3 S$8 US & 3 ..' ~ 1: 3S OM8 6 8 6 3~

I ~ 1

1.388MIE*I 4

1.+S$888888<

1-868883S. 4.-

I..8888835' .... . 4.4*58

IS.8$BS3858. *.. 
8.5S83-zz

SET 20BSET 20c

C-8 1



C.4.. 60-oixl imoesSET 1 - 600 NODESC.4.. 60-Dixl imoes NON-TRAINING

* 1<3*3*338.t3888*+'S. '3838 '888+
13*Z538*++c3*SS3+*+3*848S 3S658+
I '++83++88 ++88$++3-3. .4 *Samoa+

(5 5'8.8&88+8588+8*++t83 +888
I338333S&838388.+*88++ <. +588*888.
IB533*SS888888<c 883S+**33 3 800l63
I 38SS&8S8&58S3838388883St +S34x*3s+
I +*88+838853S$53'88++*&$83 88410*88
I ' <38+88$3&4*S' (88tA+8584 '*40M183
I S*8S88+835348883"' 8' '+35 SemmeUs.
1*3838*+333SZ8&88tS~i+cc :3 '8*311*8
1 **8+8*+88888588&853*<33 so11$1*5
I iS8S88SS8&888588833+*<< *&$210368
I c+*3+. '3538$S388S8**S<**8 88*34W6Sf
I ... < "88353888853588'838* MUMna:
I c+3<++3c c+38881811653+*+. M8UMS8
i~c*S* 3.'..3858884258833'c. 88*4484*
1**8S4.. *8+38388163++.."* 38$*6883
1+.3*t .<3*++*888183 + .3 +568868,
I.... <.333+i38*166333+ + *S88g8+
13*.+<+8+83***588886+..4.+ '5668'
1838+*t+ 433*+.3835&838'88 '888'
1(.('.438+8438S$883*S8 +33+

NOISY NOISE-FREE

.~388S88( . 8SSS*',
I 8SSS8*' .. 8$S&sS.t* SSss&83+* ... . +385$8888 $8*8 + .

(8$s88$83'.I

1 '886848853'488,.

z3z$ 8$888'
+$Zz*i*$$89. . $S86~ *.~

~11$t*863. I .

+811$6*834.

.+<8844s*a83*8 .. ~fJ*8 . .

..t+38$$888833$*. I *.. .'8888**18
I *~'338888SS~'.I ** '86888*$93<.

I 4.4**+3338888$8+ ssas+

* :: *3388SS3< .+ss8*

< ~ ~ ~ ~ ~ * .*883 .**34

PROPAGATION RECURSION

C-82



SET 2 - 600 NODES
NON-TRAINING

1+<++*3S*++ *8*3888853+38S 3Sa
!<3K***(+*( (338&88S38*8388 .38S8818

I3*83+<(-<**583S53S33<88 -31S828*
W<"*+*+. .+'-.88II33538<(+* 3&3888588
1+*<3.*<+*:*~388*4**38*+<3* I3S488*8488.
!838**++*+"u*88888f888+(*8* I+8**g
133*8*3* ... SM33*8Sa+***3 I 844**I$*a
I 3388S38* *8+SS*$3&88883*8+ 

33=481+*~33+3+3*S8$834*$8*3+*3S33 I 3888111*851+*+33+**S38*$383888(+33S* 
84SEEm $as(I 8*8838*88S88588M88883**+*8 ISMMM4I+~3S3S**88888S3**83*+*4+.3 

8a*NNN*88+j* k8+388S$SSSS8&8&*883*+33 
'*ItNN.$83!.<83838*8*88S&8S8S*3+*++* 
88*NIN*8s!++**+*S8Z8$88883*3**8(**3 
*8 61+ ... c$*8888S&8++38S*3*8* I 84*EN3088!'+3+388SSS888&3*8S&83+*+t 
s$m*sj+:8* *83S888&SS+33S338*3+t 388SM*538!* *3S388888SS3+*+S8++*...s I 888$4**55

l±.3~33*888&88*3+3S3+.+ 
. I*488

13*C38888888**8383**<4<+t+ 1 ssss
3*33S8S*8*++43**3333**8 135SS++(S88*****3+3+333883**83 I .38S8818

NOISYNO 
S L S

I.*3*8 ....*8 <..+1 .*333**(. 1 *333*SS8++<<.
I +333~38*+- +38338883*+<.
1 +38888s8 +....................j 438388888*+<'

1. 388888883..' .(. I 388S8*88S*<.
I. *88585883................... *8888***8S9-

..+8S*#8888S*.. .+8888*M&*3'.

I.. +,I,,,*S* . .I. 3884$4Z**88c
'8NEN**883 * .. . sss*xx..s+
+Sii***8( ... .+s8**Zx**.z.

.+'*S111*88++< *$$NN .szxas*

1 (**SZZhN*83+++ ... l'8118
I. .++8111*$883*+3+ i .3811111883+

1 .<++8&88*8883*+3*. I . ..+S~zz$*S3*.I .. c+S88SS833**3*. .-t38111**88'+1 . '++383*383*3383+ I +S*11*8883+
1 C((+*8*.+3**3883*. I . +8*M**8883*tI <<<(+3*..++*3SS8*t 1 +*388$88883+

t(ct.+*4c.4c*SM383 
i .. ++8SOSS883*

- #'&8<3*3OIS83 .++++8S83883*
.PROPAGATED 

RECURSION

C-83



SET 3 - 600 NODES
TRAINING

I +*338883++3*8***883333S8 1 .38338'.
I <'+SS8SS83+3*3*+<**<+"83 1 3388S33
I '8' 888S8*383S8+i33+3*+38 1 3388583'
1**+8383388383S88++**3* *8 I 'M88863'
1+*+*3838&88838883' *3*4..g3* +583*0388+
13338338888383. ' 8333'+<*+ I .8884$4888
I 33*33838388*&88 '83333+c 33 1 388001*83
I 3S836**88838SSS*33'883'++ I +s38*11*53'
1**33*3838888*83'38+**8383 1 86*131*&88
I 3+3<3888888**3'388+.+*833 I *88*1311*83
I '388S83*88888*58'3"83"3 88*I111*83'
1388S38883533381*8+*3+<.<3 f6*31311*83

1'33+*3838833*88S8833*8*S 88*1111*83+
I +3$3388*48881S3+*3'+*3 I '831111*
1++*+*+'*$888&333883*3*+** j 88111183
1*<(44 C*8838838*888&8**333 I +38*111*63
J.i+8**88*.38&$****883++**.J 388*111*68.
I"*8*<*+' ''88883**888833< 8&**W3**8
I++8S+*++3+3&3888*833' <** +380***883
1(<*3''(<83+888381*3** .++ I '38S**888.
18+....+3*S8<+88*4**833'c .+ I33588888+

1*+D*+**8*3*888S*++<* I3388888'
133**33*<+***88383*83**83 .338838'
I'+(***+ **3*+33SS3353**83 .38338'

NOISY NOISELESS

1. +833383''.. 883S<....
i 888&8&8<8' 3. 8888883<'....
I 88888883'.. 383 ......
I888***83'. *s88*8883+<'*.

*88$*z*8s+- 38$***8888+ ....

1. 88*11*83..*a$
1. +88111148*83.. +88*M***88<'-
1. t'38*MZZZ$88< . I.*Ss $as<118.

I '8111111883. 3&* M 83
1. '3*$**11*8s+ I 38**1111*83'

I .*8*1111**83.. . .38*1111*83,-
I . . '8*1111*8s+.. . .381111*88'.
...*8*$1I11*83.. ... +88*115'

I.88$**11*83+ .... .. s38*1111*+'

I .. .38441944M8. . I .. 4888*11*83' .

.1 .. .88**II83'. .. . 8&8*1*-85"
I. . '3***8*83 .. *'S8a**8&3<-

* .*38**8888. l.*. .*8S&&8<58
.33888888+ .I ... C*8SS8838

I...+388888* * t* 3883+.
...+38S38*

PROPAGATION RECURSION

C-84



SET 5 - 600 NODES-
TRAINING

IS3+3*SSSS1** .... 38

J*3333+**3&8SS3**+*883+*+c
I *8*8833888S$8S3**+t*<+3< 38*88
1**,(*33SS88S8&338333+'3+c+ 8**8
1+++S33 38$ 8*8S8~******++ I .81*3
I (+(83+83885*65isS*+*+*3c+ (81*3
18( +3*+SS1SSSS3$S+33~33. I +584K M s+
I+. +*338SS1S38838I+*+88**8 *&*8,INm*8
I (+3*<+*S8388*888S+<.33*** *8UIs
13*3***838S888853+c *<+ I*+z<ua

1*+*+I3*8888S***8****
1*33+8*+888888S883*3*383*.
I 3*38++3+8888S888**3**+C( I 8*s4Kii*s
I *8+*~33*8S$8888$88833*333** *s W61118
138+333*SS83888SS*SS*<3*3 1*8*1111*8*
J**+S833888888188*.8&++S38 1+58111183+
I (*3838S88**8&888**3(+83* I $$8II*sss
1*88*8+**88&8533388*<<*8++ I.3641948S.
133**8++5S88SS3383*333*8* I 89444988
1*+S33 ... 8SS*888853*8S+S88 I368$8**83
I++3*83+*888*8S883**38+*+3 I*3886883*
183*33*<*3*3SSS$33***8*3+* + 'Sss88S+
1+* *8* **+. +$~* * ** '++3' * .838658.

NOISY NOISELESS

3S88M. ~....... ++(

I IS88$S*< I33*+.*<
I ... MUM< 3.. .. <(.33 <.
I .... 8888*888< .... . 1 C++((358*++<.

.888M ..... I ++(+SS83*+((
I .. '88**s<(.. I .. ++*s535S*+< .

1. +*+3SS8888*<.
I~~~~~ .4c ~S*188 ++38988883+i.

1 . .*~8II1**834 . . . c+3S8$f*8S*<..
I. *S8Z111*83<( 1. '3588*8*88+..
.. *S*I11g*83 . .3S8***88S*.

I . .*8**1N1*68.. .3884M*883.
I .*S$1*11163< 3&M088
I*S$*11Z3, J&**Z8

*S*1111183.I +3$*Mwx188'.
I .. +5*1111*8*. . '5*111183'.

+881111*5* . 881111*834c

.... .'88*II18SS .. .35*111*8*(''

f ........358888683 ... .3S88888893*+.
... *8ss885* ... j .. *8S8S88S3*+ct

I .,.. .+85888+ ........... +8883SS83**++

PROPAGATED RECURSIONW

C .-8 15



SET 6 - 600 -Nodes

TRAINING

j338888S8*338+83+. *<+*.+*8
1338S8S3888S8+S+*<883 .8* +88844848+

+6388444883+

I S883*8S8*888S8 ...3*+3+c< 1 +S8*z1f~*8
1S3+3*88S8$8&S33 ...383++ 1 89$11M1*88

J+.+83388S88S8838*+c c3+3-i. 88*111IS3
1++*3*38888N88$8*+*+.383S8 *&8xxiMx$43

1* .**g<++S8S$888833+3+888 *4sxxx$z*

133c **<**88S$8$S833*833..+a 8
$SSS8+133.S*$Z*l*888 *+*3+ I 584*11188.

I****+...c 8S88888SS8.*833* I8M*4x1*sS'
13*+*338833383~88888388+ t 44**8
I1p**<c+33+*38&M8$*S+*3*8*i 3IM8

J+4*38<** c**3S8*83t333 888*
1*<*8838+ +3S8S8&88S3**+S 48SMSs

18+8*I+ .. +*$S<(3SSS83
183+.. ***8+<+ ..(*888S+<+3. I 38688
1*88.+83*+c+8++88*.+8*33S3 **

I .<
NOISY NIE~

K+8S&88~8*<*e~~84

38aas W .$.... .. . 388**~~

$388M88Sc .. .c'888***MS+C.

.38S***ZZZ$$S1. (Zs8**1***S+'
I. .*S8*zIE**88*c.1..(SUI8

.^S M ZKZI*88*c.<M Z !Z 8 ý.<38*Z9EU*884. ... +8zz~

. .+S&*NNMM*$8..I . +811S-c

.. 888*UN*3. . +8*I88

.+S8 8*1188s . I. ~ 8 8 1 S~
c'S8S*~8488M... ('8$tS(

I .... (3S8$88$S3( .,.cS883~

... . 3S8883( I .. 0*888~83'* I . .~ *(I38S8S83( .

PROPAGATED

C-86



SET 7 - 600 -Nodes

TRAINING

1*8 t++8++88888&8<((z(.+*( 38W8*83
138+*<. *3*3S8368$8383333*4 884*4$88
I 33383+883S8816S++ .. *3** 1 ***

1+*8S8*<+88i8S8S8$8+*3*+c3 < '8*U*8'S

S*4+*+333*888$868*81*+<. (*38*NN

1+*+3++. .*8*838S333'.+<t+3 *8NI'
18S*3++<38*8Z88**83***(++ I '.zuiii8e
13*333+*388$S8833**883+*+I 8N,.
1+*8*8833S8S88S8333+*4+3''I tui~
I **(*33t8S8S8838SS33+t3+' azxza
I ( .. +3333888&6*8&83***'"+ 'uxx

1+(+(83+83S88S*8833'+*+'*3< 3E18
188( +3**+$81333$33(+3333. I +&z*S
1++. +*333SS1833333+*+88** S8Z$S

1*<+3*(+*83388*8SS8+<.33** I8844$488

IS3*3***8+388$S&88*+c *< 1 88888883
S8*+*+S83' 33$888*++*8****3SS'
IS*33+8*+3*368383*+*3*383* (886888'
13<3*38++*.S833**' 498
I+*8+*33***873*88'+333333* I 38833
1*38+333*38S+*8338*SS33'c' +8338+,
I"'*+S8333+*S8888*+.88++S3 1 88'

NOISY NOISELESS

1 888888$3.. 1. .<(((..+388&83<<-<.
* 88888888< ... t(<.<38S&S883<4<<
. 8**$868''.. <(((((+388888S33'..

1. . +381*K888+'. 1 . ..(394 36*883+'.
1 . 38*11*83'*.. I C+36 *6888+.

.. 38*6*6*83'. 1 ''8**88<+

.. (38K1I1*83' .. I . +33*1111,*.8 .

I ,<38*M88*83 I . +3S8*II1*&3<

* .<c(S+S888f+S*gI

...... 3S8388.. 1.j gt . .*.c++S88888S8.

...... 8385883. .. <, ......8S3'

*.... .. 83883 8. ..I ... .. 44+83+' .

PROPAGATED FMCLICIN

C-87



SET 8 -600 -Nodes

TRAINING

0 ~~~1+33*8+3 ...*3S8888S*SS8+(+ '566'
]'*+<+ +S818S3S*+.'I +8668*0868

1<3*8*3+.+**8S8*SS84*' .8* 8W8

I '+3.33'c' .8838S83S&*++S33 368OW*863
133 3'*3*c3*83**8883t*.*8 * '8*111*8+
1*8333.*+.<SS8SSS838*+''I 8*1116
I '83<3'+*3338888883"i+'*3*+ 38116'
138*<+*3&8838S888883+t3*3+ 36*1111186
I '+. c33+*383SS88383+( '3+3* '4K98
I. (+*3+3833S*S8SS*<+4.*3~3S +381111G*8
I.+. c+68$3S88S8<.<<.+*8S I 36*111188
13' .'3*33*S&8838t+*3+*+88 1 36*111*6
I+++.3S338 38888" .+++<+v* I 36*111*8&3
13**<383883888883<+<*+3*3. I '8*114868
1338S88388~38*88883*** .++3 I 38844448S+
I+***38S3*SS38+c*+*+.+82 I t888*4*8S3
I .3*+888*$&83Sc ****++*33.f.886S
I'388**8888883S3+3+.'"*3* 1 '3886685
I+''"*3388+883833+<+*<'.*8 3 3888658.
1++'3*S*88' I** +.<< * 383533'

<*83333*333+++ *883

1383*'+3+*8+<+..<*88+3+<+3
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